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PREFATORY. 



The aim of this Field-book is to furnish plain, 
practical rules and examples for guidance in ad- 
justing and locating a curve, nearly identical with 
the Cubic Parabola, as a Transition Curve in con- 
necting circular curves with tangents. 

In the investigation of the principles upon which 
the rules are based, it will be seen that with data 
consisting in great part of familiar approximations 
used in circular-curve location, and with no mathe- 
matics beyond a little algebra and trigonometry, 
practically exact results are reached in regard to 
laws of the Transition Curve and its relations to 
circular curves. 

By means of Transition Curves of less than 15° 
of central angle, tangents can be connected with all 
circular curves used on railroads, their combined 
location presenting little, if any, more difficulty 
than ordinary circular-curve location. 

The chords of each Transition Curve are all of 
the same length, but this length varies with each 
different rate of curvature of the connecting circular 
curve. By the use of the General Table, however, 
which applies to any chord length, the Transition 
Curve, whether laid off by angles or ordinates, is 
readily adjusted so as to connect with any circular 
curve, the two curves having the same rate of cur- 
vature, and a cgmmon tangent, at their point of 
connection. 

All of the Transifion Curves considered, when 
laid off by angles, begin >n\\\v a i-yc\vcv\5X^ ^s.^^^^- 
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IV PREFATORY. 

tion angle for the first chord, irrespective of the 
length of the chord or the degree of the connect- 
ing circular curve ; and, consequently, the liehl- 
work of location of all Transition Curves laid off bv 

m 

angles and with the same number of chords is the 
same, except for the change of the chord length in 
connecting with circular curves of different degrees 
of curvature, every connecting circular curve re- 
quiring a special chord length in the Transition 
Curve. 

The ordinates for laying off any Transition Curve 
all depend upon its special chord length, but each 
ordinate of every Transition Curve can be obtained 
from a single line of the table by simply multiply- 
ing a quantity taken from it by the special chord 
length in decimals of loo feet. 

It was at first intended to give three tables for 
Transition Curves, beginning with deflection angles 
for the first chord of i minute, 2 minutes, and 3 
minutes, respectively ; but the former and latter 
were laid aside for the reason that the advantages 
of increased convenience and diminished liability 
to error, in having a single table to refer to, en- 
tirely outweigh that of being able to make rather 
nicer adjustments in a few cases, which is about all 
' that would be gained by using the three tables in- 
stead of one. For such Transition Curves as are 
needed in practice the table given, based upon the 
initial defiectioitof 2 minutes, seems to be all that 
is required. 

The word "connect," as applied to the junction 
of Transition and Circular curves, means that at 
t/ie/r point of junction the two curves have always 
^ common tangent, and, unless othermse ^p^cv^^^, 
^^e same rate of curvature. 



PREFATORY. V 

The expression "central angle," when applied 
to the Transition Curve, means the total curvature 
between the tangent at the initial point and that 
at the other point considered. 

Although the law governing the relations be- 
tween deflection angles from the initial station of 
Transition Curves has been suggested heretofore, 
it may be as well to say that when first brought to 
the attention of the writer it was through results 
then already reached and embodied in the present 
General Table, — and also that he alone is responsi- 
ble for any new departures either in the matter or 
the manner of this Field-book. 
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THE TRANSITION-CURVE 
FIELD-BOOK. 




General Proposition. 
If a Cangent S^ and a circular arc £>A are to be 
connect^ by a cubic parabola S£I. of central 
angle er, the two curves to have a common tangent 
ZT and the same rate of curvature at their junction 
Z, the adjusted gap CI? between tangent and circu- 
lar curve will be one third of the middle ordinate 
J^£> of the cifcu-lar arc of 2a, and ou<t lc)'>\\'C& tA "Cs**!. 
terminal ordinate LK ol the ^atatooXa.. 



2 THE TRANSITION-CURVE FIELD-BOOK. 

Draw the circular arc A V ; the chord VL sub- 
tending the central angle 2a; and the tangent LT, 
The cubic parabola of central angle a and terminal 
tangent ZT^ will have its initial tangent ^AT par- 
allel to VL, Through Fy the middle of the chord 
LVy draw the radius OD and prolong it to C, mak- 

FD 
ing CJD = . At L and V lay off LK and VS 

perpendicular to Z^and equal to FC. Draw SK, 
which will be parallel to LVy and will pass through 
C. In a cubic parabola .S^Zthe ordinate CJS mid- 
way between S and K is to the ordinate LK at K 

as (— ) is to {SK)\ or 

T r ]^ 

CE:LK::\'.i and CE^~. 

o o 

But by construction 

3 4 4 

Hence CD = 2CEy and, consequently, the cubic 
parabola SEL will pass midway between Cand /?. 

Denoting the middle ordinate FD of 2a by «r, 
the gap CD by ^, and the end ordinate LK by ^; 
by substitution in last equation, 

m X . 

^=5 = ? <'> 

which was to be proved. 

Also if another circular arc couuecVs mXXi v\ifc 
same parabola under the same coudVx\otvs al ^n^ 
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Other point L\ the same relations between the two 
curves exist; and using similar notation, 

^ "■ 7 "" 4 ' 

Denoting the radius of the circular arc LD by 
Rf the - parabola length SL by «, and taking 

LD = — ; from similar triangles, 

n n «' 

R\ — \\ — \m. and m = ^77=. 
4 2 ZR 

Substituting ^^ for R, 

- " = i^' ^'^ 

whence 

^°=^^^^. (4) 



137520^ 
/» — y 

and 



n = \f^-^i^ (5) 



' ^ = ^^ = ^5i8; ^') 

By similar deduction for the circular curve con- 
necting with the parabola at Z', 

whence 
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But considering x and x' as ordinates to the 
cubic parabola, approximately, 

X : x^ :: n* : «'•. • • • • . (7) 
Therefore 

and 

Z>°:Z>'° ::«:«' (8) 

The central angles a and a' turned in the pa- 
rabola from S to Z and Z', respectively, are meas- 
ured by the circular arcs of the length - and — , 

and of degrees of curve jD"^ and />'° per 100 feet. 
Therefore 

« = , (9) 

200 ^ ' 



«' = , 



200 
and 

Multiplying alternate terms of (8) by n and «', 

Hence 

a\ a' :: n* \ «" (10) 

If iV signifies the number of chord lengths c in 
fly and N' the number of the same chord lengths 

c in «', then 

n •=. cN and n' = cN'\ 

and substituting these values oi n au^ n' \tv Vn^^ 
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(10), and (8), respectively, the following propor- 
tions result: 



X\ X* 



a : a* 



Z>° : Z>'° : 



N^\N'\ .... (11) 
N^iN'^ . . . . (12) 
N :N' (13) 



Or, in words: 

I. The ordinates at the chord stations are as the 
cubes of the station numbers. 

II. The central angles from S to the chord sta- 
tions are as the squares of the station numbers. 

III. The degrees of curves connecting at the 
chord stations are directly as the station numbers. 

CG 
In Fig. I, -^^ is the sine of the deflection angle 

at S between tangent 6"^ and chord SL. Call this 
deflection angle A. 

The sine of one half the central angle a turned 

in the distance — of circular arc, or n of parabola, 

. FD 

IS 



But 
and taking 



CG = 2q and FD = zq\ 



SG^LD- -, 

2 



Sin J = 2^ -T- - = — , 

2 n 



sin ia = 3^ ^ - - - 



n 
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Hence 

sfn ^ : 2 sin i^^ :: 4 : 12, 

or approximately 

^ : a :: I : 3, 



and 



^ = r (M) 



In words : The deflection angle at S between 
tangent ^S*-^ and any chord station is one third of 
the corresponding central angle. 

This relation between the central and deflection 
angles here roughly deduced by approximations 
is, when applied to the Transition Curve differing 
slightly from the cubic parabola, almost exact up 
to 14° 24' of central angle, the limit of the General 
Table. 

The greatest angular error is -^W of one minute, 
or 9 seconds; this occurring in the deflection angle 
from S to station 12, which calculated by the 

formula r^ = tang J gives 4° 47'i^V instead of 

4° 48' as recorded in the table. This discrep- 
ancy affects the ordinate at station 12 of a Transi- 
tion Curve 500 feet long about 0.02; and for one 
of 10 stations 500 feet long the angular error re- 
duces to 2 seconds, affecting the end ordinate less 
than o.oi. 

The quantities in lines X and Y were originally 
obtained approximately from the formulas X = 

i^j? versin a and Y= - -\- R %\vi a, aUet assumvug^ c 

2 

and calculating JD"" by transposing [^ ait\d a Itom 
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(12) on the basis of or^rr 6 minutes. Then equations 

y: — r^ = tang / and — = tang J determined the 

angles z and ^ as now recorded in the General 
Table. Afterward tlie quantities of lines X and 
y were recalculated by summing the products of 
each chord into the sine and cosine, respectively, 
of its angle of inclination to the tangent SX^. 

The ordinates and ordinate distances X and Y 
thus obtained are for the chord stations of a 
Transition Curve of 100 foot chords; but for any 
other chord length the corresponding ordinates 
and ordinate distances x and y are directly propor- 

tional. As - is the tangent of the deflection angle 

from .S to the station corresponding to j:, it follows 
that, when the same chord length is used, each 
station must necessarily fall in the same place 
whether laid off by ordinates or by deflection 
angles. 

The length of any long chord (/) is 

y— y c 

^= — X — , . . .. . (15) 

cos / 100 ^ ^^ 

c 

in which Y and y are at the end stations of /, and 
/ is the angle of its inclination to SIC. 

Example. Long chord from 5 to 11 when c — 40. 

Taking y,j, y^, and / for (5), (11) from table: 

* — To J X — X 0.4 = 239.7. 

COS 6 42' 100 .99317 

if / begins at S (see Fig. i), formula (15) becotxiec. 

I = A >^ ^ 

COS A \oo 
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Example. Long chord S to lo when c = 25, 
Taking V^^ and ^^^ from table, 

/_ 996.97 w 25 __ 
/ = — - — r- X — = 249.00. 
.9983082 100 

The length of tangent / from Sto its intersection 
with tangent Z' from Z is 

t = {y -Xcotang a) —, . . (16) 

in which XY and a refer to the station at Z. 
Example. Z at station 10; c = 25. 
Taking F^^, A^j^, and a^^ from table, 

/ = 996.97-58.053X5.671281 ^ ^^^ 

4 

The length of tangent ^ from Z to its intersec- 
tion with tangent SX is 

t' = - X— , .... (17) 

sin a 100 ^ '^ 

in which X and a refer to the station at Z. 
Example. Z at station 10; c = 25. 
Taking X^^ and ofj^ from table, 

.1736482 IOC *^ '^ 

In the triangle of sides /, /, and Z' {STZj Fig. i), 

the angles opposite these sides are respectively 

zSo —or, 2 J, and J, and the correctness of the re- 

fatlon ^ = - may [jq tested by subs\.\\.uV\t\^ iox 
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2A and ^ their values — and — , and recalculating 

3 3 

/ and /', with / and the angles as data, by the fol- 
lowing trigonometrical proportions: 

sin (180° — a) : sin -a \\ l\ t\ 

3 

ot 

sin (180° — d) : sin — :: / : f. 

^ ^ 3 

Whence, taking or,^ from table, 

/sin6°4o' 249.66 X .1160929 

/ = — : b— = ^-5 = 100.91, 

sin 10 .1736482 

and 

- /sin 3° 20' 249.66 X .0581448 _ ^ 

r = — : o— = ;,— 5 = 83.60, 

sin 10 .1736482 

giving practically the same values as before. 

01 

As -J = — , from proportion (10), 

•J 
making 

Aj,= J, xJ\r'; 

and with the initial deflection angle J^=z2 minutes, 

J^=: 2JV\ ..... (18) 

Making iV = i, 2, 3, etc., the aiv\^\^'s» ^"^ \v^^ ^ ^'^ 
the table result; and mu\l\p\y\tv^ nXv^^^^^^ 'li'e-"^^' 
the corresponding angles ol Wt^^ «• 
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The remaining angles of inclination / of the 
chords may be obtained by the formula 

in which X' and V are from the column giving 
the station at the end of the chord nearest S\ and 
-AT and F from the column giving the other end 
station. 

For the chords from S to the other stations X' 
and y become o, and (19) reduces to 



-^ = tang J, (20) 



giving the angles of line J, 
As J = 2-A^'' in minutes, 

6JV* N^ 
a = ■—. — = — in degrees. . • (21) 
60 10 ^ ^ ' 



Substituting — for a in (9), 



10 200' 
and 

fi — — .-jo ■• • • • • • V^^/ 

D°n = 2oN^ = Z of table; whence 

« = _^ and i)°=^. 
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Substituting for n its value Nc, 

Nc = -^o- and c = -^. . . (23) 

As the Transition Curve erf N stations passes 
through the middle of the adjusted gap q at station 
N . 
2 



~ its ordinate at that point equals ~; or 



Xj^=^- and q = 2Xjj. 



— 2 

2 



20-A^ 

From (23), D° = . Therefore 



qXl> =2Xj^X -j- = —^ Xj^, . (24) 

2 2 

making c =100, x =^ X^ and qD° = 0.4 NXj^, 

2 

When N^ 12, qD"" = 12.563 X 4.8 = 60.302. 

As the values of q are proportional to those of Xj 
or to iV", and those of Z>° to Ny the values of 
q X ^° are proportional to N*, Therefore 

12*: 60.302 :: N^iqD'', 
and 

^2^0 = ^£:4£i^_' = o.oo29o8iiV^*. . (25) 
12 

Making iV = i, 2, 3, 4, etc., the values of qD"^ = Q 
of the table are obtained; whence 
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The values of ^Z>° = ^ at the even stations 
tested by formula (24) result in Q^ = 0.0466, 

^4= 07446, ^e= 3.770. Ce="-9i4, and ^,„=29.o84, 
» being practically the values given in the table. 

X 

The expression ^ = -, formula (i), in which x 

4 

represents the ordinate to the cubic parabola at Z, 
applies approximately to the Transition Curve, but 
not nearly enough for accurate work when Z is 
beyond station 6. The actual relation between 
the values of the gap ^ and the end ordinate x is 
given in line J^ of the table, its values being sim- 
ply those of ^ in decimal parts of x obtained from 
the division of ^ by x. As both ^ and x vary 
directly in proportion to the chord length, the ex- 
pression /^= - is general, and in all cases 

q — Fx (26) 

The factor F is used in determining q when the 
offset/ is fixed. 

Explanation of General Table. 

All of the quantities in each column of the table 
'^have reference to the station of that column, ex- 
cept that the quantity Q always refers to a point 
midway between the station of its column and S, 

Line iV gives the station numbers of the Transi- 
tion Curve, station o being at S. 

The following relations exist between N and 
other quantities: 

2oJ\/'* = Z of tab\e; 
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= or in degrees; 

2N* = J in minutes; 
o.2iV= Z>° when c = loo; 
20N = c when -Z>° = i. 

Line X gives the ordinates from the tangent SK 
to the stations of the Transition Curve of loo-fbot 
chords. 

For a chord c of any other length the station or- 
dinate jc = -Y X . 

100 

The values oi X in the table are the sums of the 
products of the consecutive loo-foot chords mul- 
tiplied each into the sine of its inclination to the 
tangent SK. 

X= y tang J, 
X = o,2NX when Z>° = i. 

Line Y gives the distances on the tangent SK 
from S to the station ordinates of the Transition 
Curve of loo-foot chords. 

For a chord c of any other length the ordinate 

distance y = F x . 

100 

The values of Y in the table are the sums of the 
products of the consecutive loo-foot chords, multi- 
plied each into the cosine of its inclination to the 
tangent SK, 

K= -Ycotang d\ 

y = o.2iVY' vj\\etv TS^ "=- ^- 
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Line F gives the values of ^^ at - in decimal parts 

of X at «. 
Its value is 

0,2 JVX X 

Line Q gives at each station N the gap midway 
from N to S^ between the tangent SK and the 
parallel tangent of a 1° curve connecting with the 
Transition Curve at N. 

For any other degree of curve the gap q = ■^. 

The values of Q in the table are 

qD"^ = o.oo29o8iiV*; 

q -= Q when £>° = i. 

As q is at the point midway between Z and S it 
may fall at any whole or half station up to station 
6, but not beyond. 

Line Z gives the lengths of Transition Curves 
connecting with 1° curves at the several stations. 

Z 

For any other degree of curve the length «=— 5. 

The value of Z in the table is 

D'^Nc = 200a = 2oN*\ 
n=- Z when D"^ = i. 

Line C gives the semi-chord of the arc of a 1° 

circular curve of which a subtends half that arc, — 

and is used to simplify the determination of the 

position of S, the initial point of the TT^iusition 

y 
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Its value is 

C= 5730 sin a. 

For a circular curve of other than i° the value 
of C is to be divided by 2?°, the degree of curve, in 
degrees and decimals. 

Line a gives the central angles turned in the 
Transition Curve between tangent SK and the 
sub-tangents at the several chord stations. 

Its value in degrees and decimals is 

N^ cD^'N Z 
a = — = = — ; 

10 200 200 

vers in a = 0.000026 i6iV^A'. 

Line J gives the deflection angles between tan- 
gent SK^ and the chord? from S to the several 
chord stations. 

Its value in minutes is 

J = 2iy» = — ; 

10 

tang J =1=^ 

The remaining lines of the table give the angles 
of inclination /of the chords to the tangent SJt^ 
each line giving the inclination of the chords from 
the station beginning that line to the stations 
forward of it 

tang / = YZTy- 

Each angle in line A atvd \.\vo^^ \^>\qv^\w^ >^- 
j^how^ the inclination oi a cYvord Vo \>cve. v^vw%^^^. ^^ 



i6 
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Equivalents. 



__ »r _ -^ _ 20>^' __ 200a 



^o Z (? 20N 200a 
Z>'' z=- =^ = = ; 

n q c n 



cY 0.2NY cX 
■^ 100 D 100 ° 



cX 0.2NX cY . Q 

x=- — = — f^5 — = — tang ^ = -T^^l 
100 D° 100 ^ jD^'F* 



_Q__ FXc __nQ_ _^ _ o.2NXF _ /[oN 
^ "" Z>° "■ 100 "^ Z ■" 20N'' D"" "^ cD""^^' 

When c = roo, 2?° = o,2Ny n = looiV, q = i^X', 
When Z>° = i°, r = 2oi\^, « = Z, ^ = ^, 
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whilst the angles in line a show the inclination of 
the tangents at the several stations to the tangent 
SK. 

For example, line {2) column N^y angle 0.56' is 
the inclination of chord {2) {4) to tangent SK, 
The difference between any two angles shows the 
angle which the one line, chord or tangent, makes 
with the other. Thus the angle between chords 
(5) (8) and {2) (5) = 4° 18' - 1° 18' = 3° 00', and 
the angles between the chords (5) (8) and the tan- 
gent at J\r^ = 4" 18' - 2° 30' = 1° 48. 

The angle 2° 30' = a^ is that which the tangent 
to the Transition Curve at station 5 = JV^ makes 
with the tangent S/C, being the central angle 
turned from S to N'^, 

Although each angle of the table was originally 
calculated independently of the rest, as now ar- 
ranged they may all be written out by means of 
first and second differences; the values o( a = ^^^ 
being reached in each column when the index num- 
ber of the line is the same as that of the column. 

The further addition of increments gives the 
angles of the line which bears the column number. 

Beginning with ^ (in minutes) = 2iV, for each 
column the first difference is 2N -\- 2y and the 
second difference 4. 

Thus for column 5 the first difference is 2 X 5 
-f- 2 = 12, and the angles, beginning with ^, are 
written out as follows: 

2N^:= 2 X 25 = 50' = J 
50 -f- 12 = 62' = 1° 02' = 

62 4- 16 = 78' = l" 18' = 

yS+ 20= pS' = 1^38' = 

98+ 24 = 123' = 2" 02' = 



Column 


si 


ine J 


u 


5 


" I 


<i 


5 


" 2 


« 


S 


" 3 


(( 


^ 


" ^ 
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122 + 28 = 15 

150 + 32 = 182 

182 + 36 = 218 

218 -f- 40 = 258 

258 + 44 = 302 

302 + 48 = 350 

350 + 52 = 402 



= 2 30 

o 
= 3 02 

= 3^38 

= 4° 18 
= 5° 02 
= 5° 50 
= 6° 42 



= a 


Column 


5 


line 


a 


— i 




6 




5 


— / 




7 




5 


^^ / 




8 




5 


— / 




9 




5 


'^^^ t 




10 




5 


— I 




II 




5 


—~ t 




12 




5 



402 + 56 - 458' = 7° 38 

In the General Table each column contains only 
the angle of inclination of the tangent {a) and of 
the chords (/) from its own station to those in rear 
of it, including S. 

In the column of angles just written out by in- 
crements a is included, and the tangents of the 
angles precedirtg and following a are respectively 






and 



y. - n' 



but to the angle a intervening no similar formula 
applies. Its value, however, in each column of the 
table may be tested by the formula 



versin a = 0.000Q2616NX, 



Or from (9), 



a = 



D^'n 



200 



and with C= 100, 

DNx 100 



a 



Therefore 



200 



-, and Z>° = o.2iV^. 



a = 



o.aiVx looN N" 



. V-- 



>> 



200 



\o 
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In this case iV= 5, and 

" = S = '°-5 = "° 30'. 

Observe that, in using the table, if iVand c are 
given, the other elements, x^ 7, «, D^^ and ^, are 
readily obtained. Thus, take from column N the 
quantities X^ K, Q, and Z. Then from equivalents, 

A: = Arx — ,^= KX — ,^iV^=«, -=Z>°, -^=f. 

The angles a and A are also taken from column -A^. 

The elements include D^ because it is the rate 
of curvature of the Transition Curve at the junc- 
tion Z, as well as the degree of the circular curve. 

If in addition to iV some other element than ^— 
as x^y^ iiy D'^y or q — is given, from equivalents, 

_ 100 __ ioo__«_ Z __ 2oNq 

and with N and c known, the other elements arc 
obtained as above. 

If a value of the central angle a in one of the 
columns of the table is selected and any other 
element is known, the column containing the 
selected value of a fixes N^ and the remaining ele- 
ments are determined as in the last case. 

Methods of determining the elements with other 
data than those above mentioned are shown in the 
Problems. 

Definitions and Notes referring to Problems 

following. 

-^^ Initial station of Transition Curve. 
■^ = Point of junction of Trans'iUotv atvd Circular 
Curves. 
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/= Angle of intersection of tangents to be con- 
nected by Transition and Circular Curves. 
IS = Distance on tangent from S to intersection 

point. 
P = Point on IS opposite the PC (or P, T.) of 
original Circular Curve. 
SP = Distance on IS from S to P. 
SK = Distance on tangent from S to point iT, op- 
posite Z. 
/ = Unadjusted offset between given tangent 
and parallel tangent of circular curve to 
be connected with. 
q = Adjusted gap between tangent SK Sind par- 
allel tangent of connecting circular curve. 
6^ = Angle turned in arc from P,C.C. to P when 

circular curve is compounded. 
The radius corresponding to D° is denoted by 
R', to ^'^ by R'\ to D"° by R". 

When «, ^, or other quantity is assumed approx- 
imately, this is expressed by nf^, ^*, etc. 

When such expressions as ^^, ^^, F,^, etc., are 
used LyNy ,o, etc., indicate stations to which the 
larger letters refer. 

The central angle a cannot exceed J/, and un- 
less /is very small it is better that it should not 
much fexceed \I, 

When the degree of the connecting curve is less 
than 5°, by limiting the value of q to about 2 feet 
per degree of curve the length of the Transition 
Curve may be limited to about 500 feet. In any 

, 60.302 
case q must not exceed — jyo~ * 

All lengths are expressed \tv ie.^\. ^^^ ^^qSxsnt^'^ 
of a foot. 
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I 

Problem I. 

Transition Curve to be laid off by deflection angles. 
Required field-work and record of field-notes. 

Given initial point *$", chord length c^ and num- 
ber of chords N, 

Example, r = 25, -A^= io. 

Case. i. Curve to be run from iS to Z. 

Set the instrument over S^ and if all the stations 
can be seen from that point, take from line A of 
table the deflection angles 2', 8', 18', 32', 50', 1° 12'^ 
1° 38', 2° 08', 2° 42', and 3° 20', and with vernier at 
o on tangent SK deflect these angles successively 
for stations i up to 10; u^ing the given chord 
length, 25 feet, between each two consecutive sta- 
tions. 

Move to station 10, and with vernier at 3° 20' 
sight on ^S and turn to 10°, line o', giving the com- 
mon tangent to Transition and Circular Curve, 
whence the latter is run as usual. 

In this case 

Z _2000_ ^ 

CN 25 X 10 
The field-notes are as follows, reading from the 

« 

bottom upwards. ^S* is supposed to fall at R,R,' 
station 210 -f- 24. The distance column shows the 
total distances from S to the several stations 
measured by consecutive chords. 

L 212 -\- 74 (10) 



;io) 


250 3° 20' io°.oo 


(9) 


225 2° 42' 


(8) 


200 2° o&' 


(7) 


175 1° 3&' 


(6) 


150 1° la' 
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(5) 


125 


50' 






(4) 


TOO 


32' 






(3) 


75 


18' 






(2) 


50 


8' 






(0 


25 


2' 




*S'2IO + 24 


(0) 





0' 


3°. 20 



With instrument at (io) and vernier at 3® 20' 
sighted on *$", by turning successively to 3** 42', 
4° 08', 4° 38', etc., (column 10 of table,) the points 
set at I, 2, 3, 4, etc., will be tested. 

Case 2. Instrument required to be set at inter- 
mediate stations between S and Z, as (3) and (7). 

Set oyer S and deflect from SK the angles 2', 8', 
and 18', line A^ for stations (i), (2), and (3). 

Move to (3), and with vernier at 18' sight on *$", 
and turn to 1° 14', 1^38', 2° 06', and 2° 38' (line .(3), 
table) for stations (4), (5), (6), and (7). 

Move to (7), and with vernier at 2° 38' sight on 
(3), and turn to 5° 38', 6° 26', and 7° 18' (line (7), 
table) for stations (8), (9), and (10). 

Move to (10), and with vernier at 7° 18' sight on 
(7), and turn to 10°, line o', giving common tangent 
at (10) or L as before. 

The field-notes are: 

L 2X2 -f- 74 (10)0 250 7*^ 18' I0°.00 



9) 225 6^36' 

8) 200 5*^ 38' 

(7)0 17s 2° 38^ 7° i3' 

150 2° 06' 

125 i°38' 

4) 100 1° 14' 

3)0 75 l^l 2° 38' 

(2) SO ^\ 

(0 ^S 



( 



s 



*y2io + 24 (0)0 Q ^ 



v« 



24 
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The vernier readings repeated as backsights are 
underscored. 

Case 3. Curve run backward from L to S. Same 
data as before, except that L is given. 

Set over L = (10), and turn into tangent to the 
8° curve. 

With vernier at 10° and instrument on tangent 
at Z, turn to 9° 02', 8° 08', and 7° 18' (column (10), 
table), for stations (9), (8), and (7). 

Move to (7), and with vernier at 7° 18' sight on 
(10) or Z, and turn to 4° 14', 3° 38', 3° 06', and 
2° 38' (column (7), table) for stations (6), (5), (4), 
and (3). 

Move to (3), and with vernier at 2° 38' sight on 
(7), and turn to 38', 26', and 18' (column (3), table) 
for stations (2), (i), and S. 

Move to Sf and with vernier at 18' sight on (3), 

and turn to o, giving tangent S/C. 
The field-notes are: 

iS 212 4- 74 (0)0 250 

(0 225 



(2) 200 

(3)0 17s 

(4) 150 

(5) 125 

(6) 100 

(7)0 75 

(8) 50 

(9) 25 
Z 210 + 24 (10)0 o 





18' 




26' 




38' 


2° 

3° 


38' 
06' 


3° 


38' 


4° 


14' 


7° 


18' 


8" 


08' 


9° 


02' 


10° 


00' 



18' 



38' 



7^ 18' 



Whether the Transition Curve is run from Sto Z 
or from Z to Sy the notes given are to be read from 
t/re bottom upward. 
Observe, generally, that when tV\e Ttatv^XXAow 
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Curve is to be run from S to Z, the deflection an- 
gles are taken from the lines of the instrument 
stations in the table; and when from Z to *$" they 
are taken from the columns of the instrument sta- 
tions. Or, in other words, when the station to be 
sighted on is between the instrument station and 
Z or at Z, the corresponding vernier angle is in the 
line of the instrument station; and when the sta- 
tion to be sighted on is between the instrument 
station and S or at 5, the corresponding vernier 
angle is in the column of the instrument station. 

In all cases the vernier angle for turning into 
tangent is in line a and in column of instrument 
station. 

If the chord length is given and any two station 
poinds of the Transitiofn Curve are in position on 
the ground, the other stations can be readily re- 
set. For instance, in a 12-chord Transition Curve 
with chord length known, and stations (4) and (9) 
in place, when the instrument is set over (4), with 
vernier at 4*^ 26' (line (4) column (9) ), sight on (9), 
and for the stations from (5) to {12) turn to the 
corresponding angles from 2^ 02' to 6** 56' of line 
(4), and for stations (3) to (*$■) turn to the corre- 
sponding angles from 1° 14' to o** 32' of column (4). 
If the instrument is set at (9), with vernier at 4° 26' 
as before, sight on (4), and for the stations from (9) 
to (12) turn to the corresponding angles from 
9** 02' to II® 06' of line (9), and for stations (8) to 
S turn to the corresponding angles from 7° 14' to 
2° 42' of column (9). 

To turn into tangent at any point, with vernier 
reading the angle of ltvcV\tva\\ot\ o^ ^'^^ Ocv^^^ ^\\^- 
ing Ht the instrument sla\\ov\, ^\^\. o^ ^^^ 'sX'^^vv^ 
point at the other end oi x\\«^x Ocv^x^k.^'c^^^^'^'^ 
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vernier to the angle of line a in thexolumn of the 
instrument station. Thus, with instrument at (9), 
sight on any station, as (4), with vernier at 4° 26', 
(or on (2) with vernier 3° 26', or on (12) with ver- 
neir 11° 06'), and turn vernier to 8° 06' for tangent. 

When the instrument is at *S, sight on any station 
with vernier at the corresponding angle in line J, 
and turn to o for tangent; when the instrument is 
at Z, sight on any station with vernier at the cor- 
responding angle in column Z, and turn to angle a 
in column Z for tangent. 

Thus with instrument at ^S", sight on (10) with 
vernier 3° 20' (or (11) with vernier 4" 02'), and turn 
to o for tangent. With instrument at Z=;(io)^. 
sight on S with vernier 3° 20' (or on (3) with ver- 
nier 4° 38'), and turn to 10° for tangent. 

In running the Transition Curve, the vernier 
reading used in setting the station moved to is 
always the vernier reading to be used for back- 
sight on the station moved /r^///. 

As all the angles in the table represent the in- 
clination of chords (or sub-tangents in line a) to 
the tangent SKy the field test of the correctness of 
any angle turned in accordance with the foregoing^ 
instructions is as follows: 

When the instrument with its proper vernier 
reading is sighted on a station and the vernier is 
then turned to o, the telescope will be parallel to 
tangent SK^ and the needle will give its bearing. 

This will in all cases give a practical answer to 

the question whether to set the vernier to the right 

or to the left of o, because when the instrument is 

s/£^hted on a station with the vernier properly set, 

%^i/ the vernier then turned to o, \.\\e tvted\^V\\\ 

h^ the bearing of tangent SKy wV\\\st \i s^X. oxv 
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the wrong side of o, the, needle will show the error 
doubled. 

This test is of course applicable at any station 
whilst running in the Transition Curve, and by its 
use angular errors, if there are any, are readily 
found and corrected. 

Problem IT. 

To lay off the Transition Curve by ordinates. 

Given initial point S on tangent SK, chord 
length Cy and number of stations N. 

Example. r=25,iV=io. The ordinate lengths, 

tj. C e . y^\/\/\ .01582 

Xx — , for stations (i), (2), (3), etc., are —^ — , 
100 4- 

.4564 1. 571 

— -- , -^ , etc., =.015, .12, .39, .93, 1.82, 3.14,4.99, 

4 4 

7.44, 10.59, and ^4-5i' Similarly the ordinate dis- 
tances from S measured on tangent SK are Y X 

— -— 25, 50, 75, 99.99, 124.98, 149.94, 174.87, i99.75» 

224.55, and 249.24. 

Measure the ordinate distances from S^ and set 
off the corresponding ordinate lengths at right an- 
gles to SK. The station points should be tested 
by consecutive chord measurements. 

The rule for laying off the Transition Curve by 
ordinates applies to all cases when 6", r, and N 
are determined. The ordinate lengths and dis- 
tances vary with every change in the chord length, 
but are a Iways obtained as in the example just 
given.* 

* In the problems following, the solutions are ^IvecL icyt 
\ocaiting by deflection angles, ViuX. a.\v^\ ^tv^\T«vc\vcvs^ c ^ ^>^asx^ ^ > 
the Transition Curves in a\\ casts tu^.^ \«:\^\<^ cSSlXs^ ^x^v^^c-' 
as in Problem II. 
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Problem III. 

The angle of intersection I of two tangents being given^ 
to connect them with a circular curve of any given 
degree of curvature D° ^ Transition Curves having 
a common tangent and the same rate of curvature 
D° at their points of junction L and \J with the cir- 
cular curve. 

The example in each of the five cases following 
gives the elements of only one of the two Transi- 
tion Curves, but applies to both. 

In figure 2, 

IS-IP-PK-{-KS. 
But 

IP = OP tang \I = {OB + BP) tang \I 
= (ie+^) tang^/; 

/irs-y=: Yx~; 
•^ 100 

and by substitution in the first equation, 

/5=(ie + ir)tangi/+^^--^. . (27) 

In formula (27), which applies to all the cases of 

this problem (but not in the formulas of other 

n 
problems following), — may be substituted for 
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Case i^ Given the degree of circular curve 2?°, 
the numhier of stations N, and the intersection an- 
gle /. 

Rule, Take from column N of table the quanti- 
ties F, Qn Zy and C 

I z O 

Then from equivalents ■fjo-s?^^* -^^ = «> -^=^- 
; JJ Jy U 

Find /Jt by (27), and lay off the Transition Curve 
as in Pro^)lem I or II. 

ExampiIe. Z>° = S°yJ\r= 12, /- 50°. 

From cblumn A\^ of table, Fj, = 1192.47, Q^^ = 
60.302, -^,a*= 2880, Cj, = 1424.9. 

Z 2880 

5°-iV^=8-xli"^' = ^^' 3oXi2 = ;.=36o; 
I 
Q 6io.'?o2 ! 

_ = _|- = ^ = 7.538; 

/^=(i?+^)tangK+^^-^ 

/ /: o I \ ^z: I 30X1192.5 14249 

= (716.8 + 7.5)0.46631 + ^ ^^^ - ^-^ 

= 337-75 + 357-75 - 178-1 = 517-4- 

Measure 517.4 from / to .S* and S' on the two 
tangents. From S lay off the Transition Curve 
by angles (Problem I) or by ordinates (Problem II) 
with chord length 30. From Z (sta. JV^^) the 8° 
curve is to be run in for the angle 50° — 2a = 21° 
14' to Z^j of the second Transition Curve, which 
is to be run backward to »S'on the second tangent : 
Or both Transition Curves may be run forward 
/ra/7j Sahcl S^, nnd iho common tangeuts aV L ^t\Ck. 
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L' run to intersection before putting in the 21" 14' 
of 8° curve. 

If the Transition Curves are located by ordi- 
nates, in order to get the common tangent at L 
set the instrument over Z, and with the vernier at 
^19 sight on *$" and turn to a^^ for the tangent at 
Z: or if *$" cannot be seen from Z, set the vernier at 
/ for any long chord ending at Z, sight on the sta- 
tion at the other end of the long chord and turn 
to o'j,. In the present case, for example, if S can 
be seen from Z, set the vernier at 4° 48', sight on S 
and turn to 14*^ 24' for the common tangent: or if 
(4) is the nearest station to S that can be seen, set 
the vernier at / for chord (4) (-^^), or at 6° 56', 
sight on (4), and turn to 14° 24' for tangent. To 
get common tangent at Z', substitute L' and S' 
for Z and S in above description. 

Similar field-work is required in all of the cases 
of Problem III. 

A very convenient test of the arithmetical values 
of c and q as calculated, in all of the problems, is 

' — — = ^ in minutes. In the present case 
\oq 

30X12X60302 ^ ^ ^gg, ^ 

10 X 7.538 

Case 2. Givea D^^ /, and approximate length of 
Transition Curve «^. 

Rule. Take froni the table the value of Z nearest 
to Z>° X «*, and from the same column Ny Q, C, 
and Y. 

Then from equivalents ^ = «^ "^j^ ^^^b"^^ ^^ 
For the rest proceed ?is \tv C^^^ ^* 
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Example. Z>° = 8, «- = 300, / = 42°, />°x //* = 8 
X 300 = 2400, and nearest Z= 2420 from column 
N^^. Takeout di=42.597> ^n=*<^5-i3i ^=1201.0. 

Z 2420 302.5 

2)0- = "V =« =3^2.5; ^-^-^? = ^=27.5; 

^ _ 42.577 _^_ . „, 
;;^o- -g--^- 5.322. 



75 = (.146.3 + 5.3) .38386 + nAA^^^^ 
= 442.05 + 30T.16 — 240.2 = 503,0, 

Case 3. Given Z>°, 7, and a assumed as equal to 
one of its values in the table. If 7 is less than 
about 40*^, assume a between |7and J7. 

Rule, Find the desired value of a in the table, 
and from the same column take out the quantities 
Zy Qy Cy and K, and proceed as in Case 2. 

Example. 77° = 5, 7= 20'' 20', and a from col- 
umn N^ = 6° 24'. 

z, = 1280, c, = 11,912, c; = 638.7, K, = 799.01; 
1280 ^ 256 II. 012 

-— = « = 256; -^ = r = 32; }-- ^q=. 2.382. 

IS = (i 146.3 + 2.4) o, 1 7933 -f 799 X 0.32 ^ 

= 206.0 + 255.7 — 127.7 = 334.0. 

Casb 4. Given 7?°, 7, and approximate gap ^. 
JVote that ^ X Z^"" must not exceed aboul 60.^02, 
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Rule, Take from table the value of ^nearest to 
^ X -^°, and ffotn same column Z, C, and Y, Pro- 
ceed as before. 

Example. Z>°=2o°, 7 = 50°, ^'' = 1.5, 1.5X20=30. 
Nearest ^from column iV^,^= 29.081; and Zj, = 2ooo, 

^10 = 994-9» ^10 = 996.97. 



20.081 2000 100 

-^ = ^ = 1.454; = « = 100; ' — = ^ = 10: 

20 ^ ^^ 20 10 ' 



IS = (287.9 + 1-5) 1.19175 + 997 X 0.1 - "^ 
= 344.8 + 99.7 - 49.7 = 394.8. 

Case 5. Given /, JV, and chord length c. In this 
case Z>° cannot be assumed. 

Ru/e. From column JV take Q^ Z, C, and K, and 
from equivalents, 



CJ^=n,i=ir,§, = ,. 



Proceed as before. 

Example. Given 7=40, C= 30, J\r=g. From 
column 9 of table ^^=19.080, Z^ = 1620, C^ = 807.3, 
F. = 898.22. 

1620 _o ^o 10.08 
30 X 9 ==^ « = 270; — = Z)° = 6°; -^ =f =3.18; 

-^^ = (955-4 + 3.2) 0.36397 + 898.2 y. ^.-x, .- ^-^^ 
= 348.9 + 269.5 — ^'h^'^ =^ A?>V^* 



34 
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Problem IV. 

To locate the Transition Curve when both circular curve 
and tangent are fixed in position^ and the offset p 

60 



is less than about 



D 



o* 



Given /, 27°, and/. 

In the figure, R = the radius of the given curve, 
and BP = the given offset/. Also ZJiC = the end 
ordinate Xy and B'J^^ = gap g. 



Q. 




CO 

I 
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LK = ^ = MB + BP = R versin a +/, 
and 

q = Fx = F{^R versin «?+/). . . . (28) 

SP=^ SK-- KP\ 

100 D 

Therefore 

SF= — --^, (29) 

100 z> ^ 

Rule, Take from table the value of Q next lower 
than p X ^°, and from same column Z, F, V, C, 
and a. 

Find q by (28). 

Find 6*/^ by (29). 

Example. / = 36, Z>° = 6, / = 9. Then//?'' = 
54, and next lower value of Q (from table) is ^,, = 
42.577; and Z,^ = 2420, i^,, = .25072, y= 1095.13, 
C= 1201.0, a = 12° 06'. 

q = .15072(955.4 X .022217 + 9) = 7.578; 

l?l^=^- = 50.6185 = 5° 37'; 
2420 43o«72 ^ 

7:6785 = ^ = ^^^-^^^ ^iT- = ^= 39.16; 

^^p _ 3916 X 1095-^ 3 __ 1201^ 

100 ^ 

= 428.85 — 200.1T -=■ 12.%.^^^ 
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At L the Transition Curve rate is 5° 37', and the 
circular curve rate 6°. 

Note. — In cases where/ X -^ it nearly eqoal to the nearest 
value of Qy that and the corresponding table quantities should 
be taken even when Q is greater than / X D""* The resulting 
rate of curvature of the Transition Curve at L will be some- 
what greater than that of the connecting circular curve, and 
will call for a greater elevation of the outer rail; but this di£fer« 
ence is too slight to be of any practical importance. On the 
other hand, the actual difference between the rates of curvature 
of the two curves at L will be less, in such cases, than when 
the next lower value of Q and the correspoading table quanti- 
ties are taken. 

Second Example under Problem IV (see pre- 
ceding note). 

/= 36°, i:>° = 6, / = 9, /Z>° = 54 as before. 
The nearest value of Q is Q^^ = 60.302; and F^^ = 

.25105, Z,^ = 2880, C,, = 1424.91 1^19 = "92.47» 
a^j = 14° 24'; and from (28), 

^ = F{jR versin a +/) 

=.25105(955-4 X .03142 + 9) = 9-795^; 

60.302 



9-7956 



= Z)'° = 6°.i56 = 6°09i'; 



2880 . _ 476.83 o 

-^_^- = n = 467.83; ^'=^ = 38.99; 

^p __ 38.99 X 1 192.47 _ 1424.9 

100 6 

= 464.94 — 237.48 = 227.46. 

At Zthe Transition Curve rate \s 6^ 09^ atvd the 
circular curve rate 6^ 



Problem V. 

To locate the Transition Curve when both circular curve 
and tangent are fixed in position and the offset p is 

greater than about y^. 

Given /, D^ and p. 

In Fig. 4, B'P' ^p'\ BF = p] ^ = radius of 
given curve D°\ and 6= central angle from P.C.C, 
to point of tangent parallel to SK, 

M^B' - MB :=^BF- B'P' =^p-p\ 

But AfB' = R^ versin 6 and MB = R versin ft 
Therefore {B' — -^> versin 6 = p ^'p' and 

P — p' 
versin d = ^^7^:7^ (30) 

a: = LK = ^ versin a +/', 
and 

q := Fx={R versin a '\'p')F. . • . (31) 

SF- SK- KF' + Z''^' - K'F 

Rule. Assume Z>'° about 0.9/?° and/' not greater 

60 
than about -jr^. 

Find ^ from (30). 

Take from column giving Q next lower than 
p' X I>'° the quantities Q, Z, C, F, i^, and a. 
Find ^ from (31). 

^--^ ' D"° ' N 



3^ 
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I^i'nd SJ^ from (32). 



THE TRANSITION-CURVE FIELD-BOOK. 39 

Example. I— 60°, Z>° = 8°,/ = 16. 
Assume 2>'° = 7°, /' = 9. 
From (30) 

16 — 7 ^ 

— = 0.06846 = versin u 



819.02 — 716.24 102.24 



= versin 21° 19'. 



7 X 9 = 63. From iV,, , Q^^ = 60.302, Z„ = 2880, 
C„ = i424.9» ^„ = ii92.47> ^,a = .25105, o',, = 



14° 24'. 



(819.02 X 0.03T42 -|- 9) o 25105 = ^ = 8.72, 



2880 



= « = 416.5; ^^^ = r = 34.71. 



6.915 *^ 12 

or> 34-71X1192.5 1424.9 , /o /: \ .: 

K^p __ o^Li y_3 :i_jt_y _^(8i9.o2-7i6.24).3635 

100 7 

= 41392 — 203.56 + 37.16 = 247.5. 

Measure 247.5 ^^^^ from P and put in S. Run in 
Transition Curve from S with 12 chords each 34.71 
long. From L (station 12) run 7° curve for 21° 19' 
— 14° 24' = 6° 55' to F,C.C,^ there connecting with 
the 8° curve. 

The point S may be determined on the ground 
without calculating SF^ by running in the 6® 55' 
of 7° curve from P. C, C. Vo L\ \.w^n\\w^ <^*^ ^-^ — ^ 
outwardly from the lau^exvv ^\. L ^vv^X^^.^^^^^"^^'^'^ 
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cY 
SK at K\ and thence measuring — ;= 413.92 to S: 

100 ^ *^ ^ 

or the Transition Curve may be run in backward 
from L without first determining the position of S. 
When convenient, however, it is better to fix both 
^Sand L before running in SL. 

In this example the rate of curvature of the 
Transition Curve is 6° 55' at Z, its junction with 
the 7° curve. 

The difference in the rates of the Transition and 
Circular Curves at L need not absolutely be less 
than at other f* C.C/s of the line; but in order 
properly to adjust the superelevation of the outer 
rail, the differences in the rates of curvature at all 
points of compound curve should be as small as 
circumstances will permit. 

Problem V is limited by the conditions that ff 
must be less than ^7 and greater than a. If ^ as 
calculated is greater than |/, increase either the 
assumed value of/' or of the radius of Z>'°; and if 
the calculated is less than a, diminish one or the 
other of these assumed quantities. 

It is always practicable, and in some cases pref- 
erable, to find the external distance If/ from the 
middle of the curve D° to the intersection of tan- 
gents {HI ■=■ {R +/) exsec i/+/), and substitute 
Problem VII for Problem V. 

Problem VI. 

Line to be held over the middle portion of a circular 
curve of large central angle connecting two tangents^ 
to shift curve inwards at the ends and put in Transi- 
tion Curves, 

Given J?° and point of curve (or langeux.^ P. 
7/7 t/je figure, BJ^' = q. 
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4» 



</> 




q = MP - M'B = R versin B - R' versin 6, 



and 



versio B = -^ZT^ 



(33) 



SP~SK- KP' + P'vC" - JCT*, 






ico' 

i? sin 6». 



KP' = 



D 



fOl 



i^'AT' = E! ^v^ ^^ ^6sv^ 
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Therefore 

Rule. Assume the curve D'^ at the ends about 
I.I Z>°, and ^ = 4 feet or less. Take from table Q 
nearest toi ^ X ^'°, and from same column Z, C, 
and Y. ^ 



Find ^ by (33)» and 5/^ by (34). 

Example. Z>° = 8, ^* — 3. 

Assume Z>'° = 8°.8; 3 X 8.8 = 26.4. 

From column N^^y Q == 29.081; and Z,^ = 2000, 

^,0 = 994.9* 5^,0 = 996.97. 



20.081 

-^j- = i^ = 3-305; 



From (33) 



— , 'z'^ ^ = versin 6 = o.osoyy = versin 18° 20'; 

716.8-65^1.7 / ^ " 

^poo 227.3 

-g-^ = « = 227.3; —^ ^c- 22.73. 

From (34) 
5/> ^^ -g^ - 65.1 X 0.31454 

= 226.6 — 113. 1 — 20.5 = 93.0. 

From StoP.C.C. via -P = 93 + lliAl°f =322.2. 

O 

" " « ..Z= 227.3 + ^-^"-^ 

= 322.0. 
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Run Transition Curve of lo chords of 22.73 each 
from S to Z; then the 8° 48' curve for & — a 
= 18° 20' - 10° = 8° 20' to iP.C.C. 

Problem VII. 

Given the intersection angle I of two tangents connected 
by the circular curve D°, to change the degree of 
curve without moving the position of its middle pointy 
and insert Transition Curves between tangents and 
circular curve. 
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From the figure, ATB = MP — BF^. But 
M'B = R' versin ^7, J//' = R versin |/, and 
i?/>' =/; hence 

R' versin ^I = R versin J/—/. . (35) 

t Assume/', and 

Ji" = It C-Tr- . . . (36) 

versin ^/ 

Find the value of Z>'° from radius R'*" to the 
nearest even minute, and take the exact radius R' 
corresponding to Z>'°. Then from (35), 

p = {R- ^')versin J/. . . . (37) 

x=::ZR:=AB+ BR' = R' versin a +/, 
and 

^=zRx = F(R' versin a +/). . (38) 

= (je'+/)tangi/-^o + ^^. . . .' . (39) 

RuU, Find i?' of D'"" from (36), and/ from (37). 
Take Q next lower than /2/°, and from' the same 
column Z, i^, F, C, and o'. 

Find ^ from (38). 






Find jTSf cow (39). 
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Example. / :±= ^6, D° i= 6. 

Assume /* = 4, then ^'* = 955.4 y^-^ 

.060308 

= 955-4 — 66.3 = 889.1. To the nearest even min- 
ute D'° = 6° 26' and i?' = 891. i. 

/ = (955-4 — 89r.i).o6o3o8 = 3.878; 

3.878 X 6°.43 = 24.9. Next lower value of Q is 
Q^ = 19.08; and J^^ = .25028, a^ = 8° 06', Z, = 1620, 
^• = 8o7.3> K, =898.22. 

0.25028 (891. 1 X 0.009976 + 3.878) = ^ = 3-1955; 



J^ = 2>"° = 5°.97 = 5° 59'; 
3 .1955 oy » 



1620 



. 271.36 
= « = 271.36; — -^ = r = 30.15. 



5-97 9 

rr. /« . N >- 807.3 . 30-15 X 808.22 

IS = (89 1. 1 + 3.9)0-36397 - -^ + - — - — - — 

^ ^ ' 6.43 100 

= 325-7 — 125.5 + 270.8 = 471.0. 

At Z the Transition Curve with rate of curva- 
ture 2?"* = 5° 59' connects with circular curve 
Z>'° = 6° 26'. 

. Example. Same as last, except that the value 
of Q taken is nearest to p X Z>'°. 

^'=891.1 and / = 3.878 are found as before. 
The nearest Q to 24.9 is Q^^ =■ 29.081; and 
/r^ = 0.25047, a,o= ^<>°^ ^xs,— '^^^^•» C^^^^^V"^v 
K, = 99^97' 
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.25047 (891. 1 X 0.015192 + 3.878) = ^ = 4362; 
^^ = Z>"° = 6^667 = 6° 40'; 

4.362 



2000 



300 
= « = 300; ^^— = r = 30, 



6.667 10 

/^= (89... + 3.9) 0.36397-1^] + ^-^^ 

= 325-7 — 154-6 + 299.1 = 470.2. 

At Z the Transition Curve with rate of curva- 
ture 2>"° = 6° 40' connects with circular curve 
i?'° = 6° 26'. 



Problem VIII. 

To pass a circular curve through a point H {Fig, 6) 
given by its radial distance HI from I, the circular 
curiae to be connected by Transition Curves with tan- 
gents intersecting at I, 

Rule. Find J?, the radius of the circular curve 

touching both tangents, by the formula R = 

HI 

---, and proceed as in Problem VII. 

ex sec \I 

61.^2 
Example. / = 40, HI = 61.32, R = —7^^ = 

.004 1 o 

6i:3iX.93969 ^ ^^^^^^ ^^^ ^o ^ go ^he remain- 

.00031 

der of this example is exactly as in the examples 
^/Ve/7 under Froblciu VII, if /* be i\ssv\\T\ev\ = i^.o. 
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Example: 2, Probleni VIII, 

Given/ =60, Zr/= 125, -^=-^-=857.9. 

•1547 

Assume/'' = 5, R'*" = 857.9 ^ — = 820.5. 

•133975 
Take R' = 819.0; 'Z)'° = 7°; then (Form ^37) 

/ = (357.9 - 8190) .133975 = 5-212. 

5 2ii X 7 ~ 36.7. Next lower Q is Q^^ = 29.081; 
and F^^ = 0.25047, a,„ = 10°, Z,, =2000, C,„=994.9, 

^io=>996.97- 

.25047 (819.0 X 0.01592 + 5.212) = ^ = 4.571; 

?2:?ii = 2?- = 6^362 = 6° 22'; 
4.571 

2000 314.4 

6l^ = « = 3u.4;-^ = r= 31.44; 

/S = {8x9.0 + 5.2) .S773S - ^U ^^^^^ 

7 00 

= 475.8 — 142.1 + 313.5 = 647.2. 

At Z the Transition Curve rate is 6° 22', the 
circular curve 7°. 

Problem IX. 

With track laid over a circular curve of small central 
angle connecting two tangents, to shift the middle of 
curve outward and ends of curve inward and connect 
with same tangents by Transition Curves. 

In order to hold the road-bed as nearly as xxvoc^ 
be, if ih^ shift at the uV\dd\^ \s K o\\\.nn^\^^^^n^^ "^ 
th^ ^flc/§ 3bpwlcJ be abouX. 2H\v\^e.^c^. 
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In the figure (7), OP - R oi IX", and C/B' ±= R' 
of D"". 




From the figure, M^ B^ = MB — AB, 
But ArB' = R' versin \I, MB={R-\.h) versin ^7, 
and -^j5? =/ -|- h\ hence 

R' versin J/ = (J? + h) versin ^J/— (/ + >5). . (40) 



Assume/" = 2^; then 



u^^'' = i? + A 



Ih 



Yers\n \I 



^ ^ * ^^^ 
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Find the value of Z>'° from radius R"" to the 
nearest even minute, and take the exact radius R' 
corresponding to Z>'°. Then, from (40), 

p^{R-^h- R') versin \I - h. . . (42) 

x = ZR:= GB' + AR=: R' versin a +/; 

^ = Fx = F{R' versin « +/). . • . (43) 

SP= SK - KF' + P'K' - K'P\ 



SK= — \ KP' = R' sin a = ^ 

100 D 



/o> 



P'K' = R' sin \I\ K'P = (i? + >4) sin \I. 
Therefore 

^^ = ^^~^-<^ + >^-^')sini/. (44) 

Rule. Find ^' of Z>'° from (41), and / from (42). 
Take Q next lower than pD'°^ and from the same 
column X, i^, F, C, and or. 
Find q from (43). 

q ' Z>"° ' N 

Find 5/* from (44). 

Example. Z>° = 5°, /= 30°, h ~ 2. 
Radius of Z>° = 1 146.3, and 

1146.3 + 2 — = R'"^ = 972.2. 

.034074 

Take R'= 971.5, correspoud\v\^ Vo D"" r=:^ '^ ^ii^=^ 
5"".^. Then (1146.3-^2 — 9V -S^ .ot^^o-\\— -^^^i'- 
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4.024; /Z>'° = 4.024 X 5.9 = 23.24. From column 
^« » G« = 19.08; and Z. = 1620, C. = 807.3, y. = 
898.22, F^ = .25028. 

.25028 (971.5 X .00998 + 4.024) = ^ r= 3.434; 



i^4 = ^"° = '"■''' = 5° 33i'5 



1620 , 201.6 

z=z n =: 291.6; — — = c = 32.4; 

5-556 ^ 9 



32.4X898.2 807.3 / /; , . \ 00 

57^= ______z____'^_(,,46.3 + 2~97i.5).25882 

= 291.0 — 136.8 — 45.8 = 108.4. 



I'Vom 5 to middle of curve I)° = SP + ^^ ^^^ - = 

108.4 + -^ = 108.4 + 300 = 408.4. From 5 

to middle of curve D = n-\-— — y^^' = 291.64- 

(15 — 8.1) 100 ^ I iC O T-U -J 

^—^ = 291.6 + iJo-9 = 40O-5' The mid- 

5-9 

die of jD'° being outside of Z>° makes the new line 
0.1 the longer. 

In this example the rate of curvature of the 
Transition Curve at L (sta. 9) is 5° ss^'t connecting 
there with a 5° 54' circular curve. 
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Problem X. 

IVM track laid over two circular curves turning in 
opposite directions and a tangent connecting them, to 
change the direction of the tangent and insert Transi- 
tion Curves between \he circular curves and the neiv 



tangent. 



\. 



the 



Given thfedegrees pf the two curves Z>° and D 
s of the P,T, of Z>° and P.C, of D* 



p<^siti6n 



and tie length of tangent from P.T. to P.C, 

Ruli\ Assume approximately the gaps q^ and q''* 
betwe jn t/he circular curves and the new position 
of tan ^eqt. Take from table Q and Q' nearest to 
^D^ ^nd/^'^Z^'*', and .from same columns Z, C, and 
y, and ^, C\ and Ff. 

If tcjngent length 7^ is less than about 

adopt 



a/lesser value of ^ or ^'"^ or of both, and 
proceeq as before. Then for Transition Curve 
connecting witli Z>°', 



Q 



j)o-q^ j^-n,^-c; 



and for* Transition CUrve connecting with Z>'°, 



\ G' 



Z' 



n 



D'^ "^ '' D 



fO = ^> 



JV' 



r, = C. 



To find the positions of Z, S, *S', Z', and the dis- 
tance frpm 5 to S\ use the formulas following 
Fig. 8. 

^ In Fig. 8, -^ and P' are the radii of the. ^\m^^ 
cjijcojar curves Z)° and D"" cow^^cv^^ \i^ V2c^^i^^>N 
rfrom F, r of Z>° to PX. ol V , 
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From centre O with radius R -\- q^ and from 
centre O' with radius Jt''^g\ draw arcs as in 




figure and connect them by tangent PP'. Prolong 

radius M' at P.C\ and intersect it at E by OE par- 

a//eJ to tangent T\ and prolong radius R' ^ q' at 

y^^ and intersect it at G by OG pataWeX Xo ti^^ 

i undent yV^\ 
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O'E R + R 
OE T 



7 = tang 00' E\ 



i-r.^00'; 



sin 00' E aia 00' E 

^ =. ^ + f + ^-+/ ^ ^^3 ^^^. 
OO' OO' ' 

C>^ X sin C?0'6^ =0G- PP'. 

Designate the angle 00' E — 00' G by /?. 

Then- «.— /? = angle from jP. 71 back to Z, and 
a' — )S = angle from P.C forward to Z'. 

To find A!' and K' on tangent -P!/'' prolonged, set 

the instrument over Z, turn 90 — a outward from 

cX 
tanff-ent at Z, and measure on this course LK-=^ — . 
° 100 

StmUarly at Z' turn 90 ~ a' and measure L' K' = 

\X' 



100 



cY 
From K measure KS = — on tangent KK'^ and 

100 

put in point 5; similarly from K' measure K'S' = 

c'Y' 

and put in point ^S"'. 

100 

SS' = PP' -^KP-\- P'K' - SK- S'K' 

J, -^^+Z>° + Z>'^ 100 IOO-- • • ^^5^ 

From Z to L' via old line = ^^^ ^^7 ^^ + ^ + 
100 (of' — ^) 

From.Z to L' via new Vine = n -V SS? -V -^^ - 
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Example. Given a io° curve to the right and a 
5° curve to the left with a tangent 500 feet long 
between them, to change the tangent so that its 
direction will pass about 6 feet outside of the 10° 
curve and about 4 feet outside of the 5° curve, 
both circular curves to be connected by Transition 
Curves with the new tangent. 

For the 10° curve R = 573.7, ^ = 6, q^D° = 
6 X 10 = 60. From column -A^„, ^„ = 60.302; and 
Z,, = 2880, C,, = 1424.9, y,^ = 1192.5- 

60.302 , 2880 

-— ^- = ^ = 6.0302; — -- = « = 288.0; 
10 10 

288.0 



12 



= r = 24. 



For the 5° curve R' = 1146.3, /« = 4, /« Z>'° = 
4 X 5 = 20. From column -A^, , Q^ = 19.08; and 
Z. = 1620, C; = 807.3, F. = 898.2. 

19.08 , _ . 1620 , 

-V- = 9 = 3-8i6; -— = «' = 324.0; 

^^ = / = 36. 
9 

T ^^, ^ «i00 

r> , jp 7 = tang OQ'^ = -^ = 0.5907. 

R + R' ^ 573-7 + 1146.3 ^ 

= tang 16° 12J'; 



sin OO'E ,279131 

v^2LC±£l±Z' - 573-7+6+ 1146.3+4 .,, , 

^^^ I^^Il = °-965747 

=S COS \<J* o^V 
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00' X Sin P0'G= 1791.2 X 0.25952 = 464.8 = /'/''; 

00'£ - 00' G = 16° 12^' ~ 15° 02J' = 1° 10' = /?. 

a — /S = 14° 24' — I* 10' = 13° 14' = angle from 
F,.T, back to Z. 

«'-/?= 8° 06' - 1° 10' = 6° 56' = angle for- 
ward from jP,C, to £', 

Fix the point Z by going back from JP.T, for 
13° 14' of arc, or 132.3 feet' Set instrument over Z, 
turn 90° — or = 90 — 14° 24' = 75° 36' outward from 

tancfent at Z, and on this course measure — = 
^ ' 100 

24 X 100.083 4. • ♦ r^ 

—^ = 24.02 to point A. 

100 

Similarly for Z' turn 81° 54' outward from tan- 

fifent and measure = iS-2S to K\ 

^ 100 ^ ^ 

cV 
From A' measure — = 286.2 on X^' to ^S"; and 

100 

from A'' measure = 323.4 on X'JC to S\ 

100 

D D 100 100 

= 464.8 + 142.5 + 161. 5 —323.4—286.2 = 159.2. 

Except as a test of the correctness of the rest of 
the work it is not necessary to calculate or meas- 
ure SS\ 

IT T ^ Tf ' \A V 100X13.233 

From Z to U via old line = + 500 + 



10 



^— = 771.0. 

100 ' ' 
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From L to L' via new line = 288.0+ 159.2-+ 
324.0 = 771.2. 

The line from L to Z' may be run in contin- 
uously by angles, or th.e two Transition Curvets 
may be laid off from ^S" to Z and from* »$' to Z' 
either by angles or ordinates. 



Problem XI. 

When a Transition Curve is run in and does not prop- 
erly connect at L or at S, as the case may be^ to make 
the proper adjustment and location, (See Fig. i.) 

Rult, Set the instrument over a trial Z on the 
circular curve, turn into tangent„and. intersect the 
given tangent at T, Move to T and measure the 
intersection angle LTK. If ZT'A'rr a, the trial 
point set over is correct for Z, and the distance LT 
multiplied by sin a and dividfed by the correspond- 
ing value of X from the table gives the chord 
length c with which the Transition Curve from Z 
to S is to be rerun. 

If the intersection angle LTK as measured is 
not equal to a^ make it equal by moving the trial 
Z backward or forward on the circular curve 
through a central angle equal to the difference 
between the angles LTK and a. When Z is cor- 
rectly located, set over it and turn into tangent. 
From this tangent turn off outwardly the angle 
90° — «, and on this course (perpendicular to SK^ 
intersect the given tangent in A' and measure Z A!". 
Then 

ZATX T OO ^ rrc ^^ 

' :: = ^, and KS = — • 
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Be careful to take table quantities from the col- 
umn giving the proper value of a. 

Super-elevation of outer rail on curves. 

The difference of elevation e between the inner 
and outer rails on Transition Curves should in- 
crease regularly from ° at 6* to its maximum atZ. 
This difference of elevation for a 4' ^" gauge 
(and proportionally for other gauge widths) is 
closely approximated for all velocities and rates of 
curvature by taking e = .000056 V*D^y in which 
V is the velocity in miles per hour and D^ the 
degree of curve. 

For example: on a Transition Curve of 9 stations 
connecting with a 6° curve, the superelevation e 
of the outer rail at L and around the 6° curve, 
adjusted for 40 miles an hour, will be 

e = .000056 X 40 X 6 = 0.5376; 

and for stations i, 2, 3, 4, etc., of the Transition 

Curve the differences in elevation are 0.5376 x i, 

X |, X I, X i, etc. 

In surfacing track the inner rail should be 

e e 

lowered — , and the outer rail raised — ; and this is 
2 2 

conveniently done by setting stakes at a distance 

equal to the width of the gauge plus the width of 

the rail-head on each side of the centre stake with 

the top of the latter at its proper elevation, and 

the tops of the inner and outer stakes respectively 

e below and e above it 



TABLES. 



RABn OF DSQR1»S OF OURVB. 



/ 


o» 


1" 


2° 


3° 


4* 1 


6«» 


./ 




Kadios. 
Idfiiiiie : 


Radius. 


RadiuR. 


Radiiiij. 


Radius. > 


Radins. 




u 


6729 65 


2864.93 


1910 08 


1432.69 


1146 28 


1 


H43<75 


5685.72 


2641.26 


1899.53 


1426.74 


1148.47 


1 


2 


1718»7 


6544 83 


2817.97 


1889.09. 


1490.85 


1186.69 


2 


3 


1I4S92 


6456.82 


2;U).06 


1678.77 


1415.01 


1184.94 


8 


4 


&MM8.7 


5371.56 


277^. M 


1868.56 


1409.21 


U81.21 


4 


5 


68754.9 


9288. U2 


275U.30 


1858.47 


1403.46 


1187.50 


5 


tf 


57295.8 


5208.79 


272H.62 


1848.48 


1897.76 


1128.82 


6 


7 


4UI10.7 


5181 05 


2707 04 


1888.59 


1892.10 


1120.16 


7 


K 


4*J971.8 


.5055.59 


2685.89 


1828 82 


1866.49 


1116.52 


6 


9 


8H197.2 


49K2 33 


2665.08 


1619.14 


1360.92 


1112.91 


9 


10 


MSn.b 


4911.15 


2644.58 


1809.57 


1375.40 


1109.38 


10 


11 


81252.8 


4h41.08 


2624.39 


1800.10 


1869.92 


1106.76 


41 


1-2 


28017.8 


4774.74 


2604 51 


1790.73 


1864.49 


1102.22 


12 


13 


2«444.2 


4709.88 


2584.93 


1781 .45 


1859.10 


1098.70 


18 


14 


•^4555.4 


4645.60 


2565.65 


1772.27 


1858.75 


1095.20 


14 


15 


;Ji918.3 


4683.75 


2546.64 


1763.18 


1848.45 


1091.78 


15 


Hi 


214^.9 


4528.44 


2527.92 


1754.19 


1843.18 


1008.28 


16 


17 


^m.i 


4464.70 


2509.47 


1745.29 


1387 96 


1084.85 


17 


18 


19096 6 


4407.46 


2491.29. 


1786.48 


1332.77 


1061.44 


18 


1;) 


18098 4 


4351 67 


2473.37 


1727.75 


1827.63 


1076 05 


19 


SO 


:i7t88 8 


4297.28 


tM65.70 


1719.12 


1822.53 


1U74.68 


80 


21 


:ifl81t).2 i 


4-M4.28 


1^88.29 


1710.56 , 


1817.46 


ion. 84 


21 


2^i 


15(U6.1 


4192.47 


2421.12 


1702 10 


1312.43 


1068.01 


82 


S2I 


14DI6 7 


4141 96 


2104.19 


1603.72 


1807.45 


1664.71 


28 


81 


14828.6 


4092 66 


2867.50 


1665.42 


1802.50 


1061.43 


84 


25 


18751 


4044.51 


2371 04 


1677 20 


1297.58 


1068.16 


25 


26 


13222.1 


8997.49 


3354 80 


1669.06 


•1292 71 


1<»4.92 


26 


27 


12782.4 


89M.54 


2388.78 


1661.00 


1287.87 


1051.70 


87 


28 


12277.7 


8806.64 


282;i.98 


1658.01 


1283.07 


1048.48 


28 


29 


l]«5i4.3 < 


3S62.TI 


2307.39 


1645.11 


1278.30 


1045.81 


89 


80 


114SB.2 ! 


8819.83 


2292.01 


1687.28 


12r3.57 


1042.14 


80 


81 


1I08Q6 


S777.a5 


2276.84 


1629.52 


1268.87 


1080.00 


81 


82 


10748.0 


8786 70 


2261.86 


1621.84 


1264.21 


1085.87 


82 


S3 


10417.5 


8696.61 


T«47.08 


1614.22 


1259.58 


1082.76 


83 


81 


10111.1 


8657.29 


228i.49 


1606.68 


1254.98 


1029.67 


84 


8.) 


9822.16 


8018.80 


2218.09 


1599.21 


1250.42 


1026.60 


85 


86 


9649.91 


a581 10 


2203.87 


1591.81 


1215.89 


1028.55 


86 


87 


9991.29 


8544.19 


2189.81 


16a4.48 


1241.40 


1020.51 


87 


8S 


9046.75 


8506 rr> 


2175.98 


1577.21 


1236.04 


1017.49 


88 


89 


8814.78 


847-,»o9 


2162.80 


1570.01 


1232.51 


1014.50 


89 


40 


8SM.4: 


3487. er 


2148.79 


1662.88 


1228.11 


1011.51 


40 


41 


88m. 80 


8408 83 


2185.44 


1655.81 


1223.74 


1008.55 


41 


4-i 


8165.16 


8S:0.4G 


2132.26 


1648.80 


1219.40 


1005.60 


42 


48 


79M.81 


8837.74 


2109 24 


1541.86 


1215.00 


1002.67 


43 


41 


7818.11 


8305. «.) 


8096.39 


1534.98 , 


1210.82 


999.76 


44 


4.-) 


7088.48 


8274.17 


9063.63 


1528.16 


1206.57 


996.87 


45 


4<i 


7478.42 


8243.29 


8071.13 


1821.40 


1202.86 


993.99 


46 


47 


7fl4.41 


8il2.98 


9058.73 


1514.70 


1198.17 


991.13 


47 


4S 


71(K.08 


8183.23 


2046.48 


1508.06 


1194.01 


flas.28 


48 


4'> 


7015.87 


8151.03 


2084.37 


1501.48 


1189.88 


965.45 


49 


50 


6876.65 


8125. 3J 


2022.41 


1404.95 


1185.78 


962.64 


50 


r.i 


6740 74 


8097.20 


9010.59 


1488.48 


11P1.71 


979.84 


51 


ft-» 


6611.12 


8069.55 


1998.90 


1482.07 


11' 7. 06 


9rr.o6 


52 


^3 


6186. 8S 


8042.39 


1987.35 


1475.71 


1173.05 


974.29 


63 


54 


6866.26 


8015.71 


1975.93 


1469.41 


IIGO.CG 


971.54 


54 


55 


6250.51 


2989.48 


1964.64 


1463.16 


11C5.70 


968.81 


55 


5G 


618R.90 


2963.71 


1953.48 


1456.96 


1101.76 


966.09 


56 


57 


6081.20 


2988.39 


1942.44 


1450.81 


1157 85 


963.39 


57 


58 
69 

to 


6827 22 
5886.70 
6720.06 


2913.49 
28K9.01 
S8GI 93 


1981 .53 
\ 19A0.W 


1444.72 









u 



ttADII OP DEGREES OF CURVE. 



/ 


e* 


70 


S* 


0«» 


IQo 


no 


/ 




HadiuH. 


lUuiiuB. 


KHdiUM. 


KadiuK. 


HadiuM. 


Radius. 







965.37 


819.02 


716.78 


637.28 


678.69 


521.67 





1 


952.72 


817.08 


716.29 


036.10 


672.78 


620.89 


1 


2 


950.09 


816.14 


713.81 


634.98 


671.78 


620.10 


2 


8 


947.48 


818.2S 


712.33 


683.76 


670.84 


519.3'i 


3 


4 


944.88 


811.80 


710.87 


632. (iO 


669.90 


518.54 


4 


5 


942.*^ 


809.40 


709 40 


681.44 


668.06 


617.76 


5 


6 


989.72 


807.50 


707.95 


680.29 


668.02 


616.99 


6 


7 


937.16 


806.61 


706.49 


629.14 


667.00 


616.21 


7 


8 


934.62 


808.73 


706.06 


627.09 


606.16 


616.44 


8 


9 


982 09 


801.86 


708.61 


626.86 


666.28 


614.68 


9 


10 


929.67 


800.00 


702.18 


626.71 


604.80 


518.91 


10 


11 


927.07 


798.14 


700.76 


624 58 


668.88 


618.16 


11 


]2 


924.58 


796.30 


699.33 


628.46 


662.47 


612.88 


1-4 


13 


9;i2.10 


794.46 


697.91 


622.38 


661.55 


511.68 


13 


14 


919.64 


792.63 


696 50 


621.20 


660.64 


610.87 


14 


]5 


917.19 


790.81 


695.09 


620.09 


659.78 


610.12 


ir, 


16 


914.75 


789.00 


693.70 


618.97 


668.82 


609.36 


16 


17 


912.83 


78/.96 


692.80 


617.87 


6.^7.92 


608.61 


17 


18 


909.92 


785 40 


6:K).gi 


616.76 


667.02 


607.87 


18 


19 


907.52 


788.62 


689.53 


616.66 


656.12 


607.12 


19 


20 


905.13 


781.84 


688.16 


614.66 


656.28 


606.88 


20 


21 


902.76 


780.07 


686.78 


618.47 


654.84 


506.68 


21 


2;J 


900.40 . 


778.31 


685.42 


612.88 


668. 4i5 


604.90 


22 


23 


898.05 


776 55 


684 06 


611.80 


658.56 


604.16 


23 


24 


895.71 


774.81 


682.70 


610.21 


.5.')]. 68 


603.42 


24 


25 


898 89 


778.07 


681.85 


609.14 


550.80 


602.69 


:;.'5 


26 


891.08 


771.84 


680.01 


608.06 


540 92 


501.96 


26 


27 


888.78 


769.61 


678.67 


606.99 


549.06 


601.23 


27 


28 


886.49 


767.90 


677.34 


606.93 


648.17 


600.61 


28 


29 


884.21 


766.19 


676.01 


604.86 


647.81 


499.78 


29 


80 


881.95 


764.49 


674.69 


603.81 


646.44 


499.00 


30 


81 


879.69 


762.80 


678.37 


602.76 


646.58 


498.84 


31 


82 


877.46 


761.11 


672.06 


601.70 


544.71 


497.62 


82 


88 


876.22 


759 43 


€70.75 


600.65 


543.86 


496.91 


33 


84 


878.00 


767.76 


669.45 


699.61 


643.00 


496.19 


84 


85 


870.79 


756.10 


668.16 


696.57 


642.16 


496.48 


85 


80 


868 60 


754.46 


AAA OA 
000. CfD 


697.68 


641.80 


494.77 


36 


87 


866.41 


762.80 


666.57 


696.50 


640.46 


494.07 


37 


88 


864.24 


751.16 


664.29 


696.47 


689.61 


498.36 


88 


89 


862.07 


749 52 


663.01 


694.44 


688.76 


492.66 


39 


40 


659.92 


747.89 


661.74 


698 42 


587.92 


491.96 


40 


41 


857.78 


746.27 


660.47 


692.40 


687.09 


491.26 


41 


42 


855.65 


744.66 


669.21 


601.88 


686.26 


490.66 


42 


43 


a58.53 


748.06 


667.95 


690.87 


686.42 


489 86 


43 


44 


861.42 


741.46 


656.69 


689.36 


584.59 


489.17 


44 


45 


849.32 


789.86 


666.45 


686.86 


S-^a 77 


488.48 


45 


46 


847 28 


788.28 


654.20 


687 86 


582.94 


487.79 


46 


47 


846.16 


786.70 


662 96 


686 86 


582 12 


487.10 


47 


48 


848.08 


786.18 


661.78 


686.36 


631.30 


486 42 


48 


49 


841.02 


788.56 


6.W.60 


684.37 


680 49 


485.78 


49 


60 


888.97 


782.01 


M9.27 


688.89 


629.67 


485.06 


50 


61 


886.93 


730.45 


648.06 


682.40 


628 86 


464.87 


61 


62 


834.90 


728.91 


646.84 


681.42 


528.06 


488.69 


62 


63 


a^.89 


727.87 


646.63 


680.44 


627.25 


488.02 


68 


6i 


880 88 


725.84 


644.42 


679.47 


526.44 


482.84 


64 


65 


828.88 


724.31 


643.22 


678.49 


626.64 


481.67 


56 


66 


826.89 


722.79 


642 02 


677 53 


624.84 


481.00 


66 


^r) 


fi24 91 


721.28 


640.83 


676.56 


624.05 


480.33 


67 


M 


fi^2 93 1 


719.77 


««9.64 


675.60 


628 25 


479.67 


68 


39 / 


fiW.97 / 


718.27 \ 


ass. 46 


574.64 


\ rfiSLM 


479.00 


69 


GO 1 


810. OJ 1 


?W. 7f* 1 


fW7.s?8 


578.69 


\ sai.w 


\«k 



65J 



RADn OP DEGREES OF CUHVE. 



12* 



. 

1 

2 
8 
4 
5 
6 
7 
8 
9 
10 

11 
Vi 
18 
14 
15 
16 
17 
IS 
19 
90 

21 

se 

88 
84 
85 
86 
27 
28 
29 
80 

81 
82 
83 
84 
85 
86 
87 
88 
89 
40 

41 
42 
48 
44 
46 
46 
47 
48 
49 
50 

61 
68 
68 
64 
56 
56 
67 
58 
50 
W 



Radius. 

478.34 
477.68 
477.08 
476.36 
475.71 
475. i)5 
471.40 
478.73 
473.10 
472.46 
471.81 

471.17 
470.53 
469 89 
469.25 
468.61 
467.98 
467.85 
466.72 
466.09 
465.46 

464.83 
464.21 
463.50 
462.97 
46i3') 
461.73 
461.11 
460.50 
459 89 
459.28 

458.67 
458 06 
457.45 
456.85 
456.25 
455.65 
465.05 
454.45 
458.86 
463.26 

458.66 
458.07 
451.48 
450.89 
450.31 
449 72 
449.14 
448.56 
447.97 
447.39 

446.82 

446.24 

445.67 

445.09 

444.5S 

443 95 

443.88 

442.81. 

442.25 

441.68 



13* 



Karl i us. 



441.68 
441.12 
440 56 
410.00 
430.44 
438.88 
488.33 
487.77 
487.22 
436 67 
486 12 

435.57 
4.35.02 
484.47 
483.9:) 
433.89 
432.81 
432.30 
431.76 
431.23 
430.69 

480.15 
429.62 
429.09 
428.56 
428 03 
427.50 
426.97 
426.45 
485.92 
425.40 

424.87 
484.35 
428.83 
428.32 
422.H0 
422.28 
421.77 
481.26 
420.74 
420.28 

419 72 
419.22 
418.71 
418.20 
417.70 
417.20 
416.60 
416.19 
415.69 
416.19 

414.70 
414.20 
413.71 
413.21 
412.72 
412.23 
411.74 
411.25 
410.76 
410.2S 



14* 



Radhis^ 

"41028 
409 79 
409.31 
406.82 
408 34 
407.86 
407.38 
406.90 
406.42 
406.95 
406.47 

406.00 
404.53 
404. a5 
408. 6S 
408.11 
402. &5 
402.18 
401.71 
401.25 
400.78 

400.32 
399.86 
899.40 
898.94 
398.48 
896 02 
397.56 
897.11 
396.65 
896.20 

805.75 
806.80 
894. a5 
394.40 
393 95 
896.50 
898.06 
392.61 
898.16 
891.72 

891.28 
890.84 
890.40 
889 96 
389.52 
389.06 
888.65 
388.21 
387.78 
887.84 

886.91 
886.48 
386.05 
385.62 
885.19 
884.77 
884.84 
888.91 
8Sa.4^ 



16* 



Kudiii.s. 



l\ 



\ 



888.06 

882.64 

888.22 

881.80 

881.38 

880.90 

880.54 

880 1 

370 

879.29 

878.88 

878.47 
878.05 
377.64 
877. 2:) 
870.82 
3r6.41 
376.110 
375.6) 
875 19 
874.79 

874.38 
873.98 
878.57 
873.17 
87«.77 
878.87 
871.97 
871.57 
371.18 
870.78 

870.38 
869.99 
869 60 
369.20 
868.81 
868.42 
868.03 
867.64 
867.25 
866.86 

866.47 
866.09 
865.69 
866.31 
864.93 
364.55 
364.16 
363.78 
868.40 
863.02 

868.64 
368.26 
861.89 
861.51 
361.13 
360.76 
360.38 
860.01 



16* 



RadiuH. 



859.27 
856.89 

858.16 
8-»7.78 
a>7.42 
867.05 
356.68 
356.31 
aVi.ftS 
855.59 

356.22 
854. b6 
354.50 
354.13 
858.77 
353.41 
353.05 
852.70 
352.34 
851.98 

351.62 
851.27 
&50.91 
850.56 
850.21 
319.85 
849.50 
849.15 
348.80 
348.46 

848.10 
847.75 
347.40 
347.06 
346.71 
846.37 
846.02 
845.68 
845.33 
844.99 

844.65 
844.31 
843.97 
843.63 
848.29 
842.95 
342.61 
842.27 
841.93 
841.60. 

841.26 
340.93 
840.59 
840.26 
889.93 
839.59 
889.26 

838 oa 



IT 



838.Qa Iv « 
\ ^W^J^ft \ 



Radius. 

338.27 
887.94 
837.62 
837.29 
836 06 
836.f^ 
83081 
8:i6 99 
835.66 
833.84 
835.01 

834.69 
334.87 
814.05 
833.73 
383.41 
833.09 
882.77 
833.45 
832.13 
831.82 

831.50 
831.18 
380.87 
830.56 
830.24 
829.98 
329.62 
829.80 
828.99 
828. G8 

828.87 
828.06 
827. T5 
827.44 
827.14 
826.83 
826.52 
826 82 
825.91 
825.60 

825.80 
825.00 
824.70 
824 39 
824.09 
823.79 
823.49 
828.18 
822.89 
822.50 

822.29 
821.99 
321.69 
8:21.89 
821.10 
820.80 
820.51 





1 
2 
3 
4 
5 
6 
7 
8 

10 

11 
12 
13 
14 
13 
IG 
17 
18 
10 
80 

21 
22 
83 
24 
26 
26 
27 
28 
29 
80 

81 
82 
83 
84 
85 
36 
37 
88 
89 
40 

41 
48 
48 
44 
45 
46 
47 
48 
49 
50 

61 
58 
58 

54 
56 
56 

57 



^*i 



ItADn OF DIfiOREBS OF CURVE. 



/ 


18<» 


lO* 


«©» 


«!• 


««• 


»3» 

Faii UM. 

260 79 


f 




Rii4iiuH. 
819.62 


Radius. 
802.94 


ItmliiiK. 
«8r.'.>4 


RadiUM 


U»idiu8. 
262 04 




~0 


274.87 





1 


819 88 


802.68 


287.70 


274 16 


261.85 


860.61 


1 


2 


819 Ot 


802.42 


987.46 


278 94 


261.65 


250.48 


2 


8 


816.74 


802.16 . 


287.28 


278.78 


261.46 


250 26 


3 


4 


818.46 


801.89 


um 09 


278 51 


261 26 


250.08 


4 


5 


816.16 


801.68 


286 76 


278.80 


261.06 


240.00 


5 


G 


817.87 


301.87 


286.52 


878.08 


860 87 


249 72 


6 


7 


817.58 


801.11 


886.29 


272.87 


260.68 


240 54 


7 


8 


817.29 


800 a5 


266. a'S 


272.66 


260 48 


249 87 


8 





817.00 


800. r)9 


885.82 


272 45 


260 29 


249 19 





10 


816.71 


800.88 


286.58 


272.28 


260.10 


249.01 


10 


n 


816.48 


800.07 


285. .35 


272.08 


260.90 


240.84 


u 


12 


816.14 


299.82 


285.12 


271.81 


288.71 


248.416 


12 


18 


816.85 


399 56 


281.88 


271.60 


269.52 


248.48 


18 


14 


816.67 


899 80 


284.66 


271.89 


V59.a3 


248.81 


14 


15 


815.28 


299.04 


284.42 


271.18 


269.18 


248.18 


16 


16 


815.00 


298.79 


284.80 


2T0.97 


258 94 


247.96 


16 


17 


814.71 


298.58 


288.96 


270 76 


288.75 


247.78 


1.7 


18 


814 48 


29S.28 


288.78 


270 5.'i 


288.56 


247.61 


18 


19 


84.14 


298.02 


288.50 


270.84 


208.87 


847.48 


19 


80 


818. «U 


207.77 


288.27 


870.18 


266.18 


247.26 


90 


21 


818.58 


207.51 


288.04 


209.98 


2^.99 


247.08 


21 


28 


818.29 


297.26 


888. HI 


289 71 


267.60 


246.91 


22 


28 


818 01 


297.01 


882 58 


289.51 


2S7.61 


246.74 


28 


24 


812.78 


296.75 


882.85 


860.80 


8»7.42 


246.66 


d4 


26 


812.46 


296.50 


882.12 


269 09 


267.28 


246 89 


25 


26 


812.17 


296.25 


881.89 


268.89 


287 04 


246.22 


96 


27 


8M.80 


296 00 


881.67 


268:68 


266.85 


246.04 


27 


28 


811.61 


296 75 


881.44 


268.47 


286.67 


246.87 


28 


2!) 


811.88 


296 50 


881.21 


268.27 


256.48 


845.70 


20 


80 


811.66 


296.25 


880.99 


268 06 


266.29 


246.53 


80 


81 


810.78 


205:00 


260.76 


287:86 


886 10 


245.86 


81 


82 


810.60 


294.75 


260.54 


267.6'^ 


286.92 


246.19 


88 


88 


810.28 


294.50 


260 81 


867.45 


886.78 


846.02 


88 


84 


809 95 


294 25 


260.09 


287. -.'4 


286.54 


244.84 


a« 


85 


809.67 


2W.00 


279.86 


267.04 


286.86 


244.67 


86 


86 


808.40 


888.76 


279.64 


266.84 


866.17 


244.50 


86 


87 


808.12 


288.51 


279.42 


866.6^ 


254.99 


244.88 


87 


88 


806.85 


298 26 


279.19 


266.48 


2M^ 


244.16 


88 


88 


808.68 


296 01 


278.97 


286.28 


864.68 


848.99 


88 


40 


806.80 


292.77 


278.75 


866.02 


864.48 


248.88 


40 


41 


808.08 


292.58 


278.58 


216.82 


864.85 


248-86 


m 


48 


807.76 


298.28 


878.80 


266.62 


884.06 


248.49 


42 


48 


807.49 


292.08 


278.06 


266.42 


284.88 


241.82 


48 


44 


807.82 


891.79 


2n.86 


266.22 


268.70 


iM8.15 


44 


46 


806 95 


291 55 


277.84 


^66 02 


2e;8.61 


248.98 


46 


46 


806 08 


891.80 


277. 42 


264.82 


258.83 


248 81 


46 


47 


806.41 


291.06 


277.20 


264.62 


288 14 


242.64 


47 


48 


806.14 


290.82 


276.98 


284.42 


282.96 


248.48 


48 


49 


805.87 


290.58 


276.76 


261.22 


262.78 


248.81 


48 


60 


806.8C 


290.88 


876.54 


264.02 


288;60 


242.14 


80 


61 


805.88 


290.09 


878.82 


888.83 


1U8.42 


941:86 


61 


62 


805 06 


280 86 


876.10 


268.62 


252 4M 


241 .«1 


69 


68 


804.80 


288.61 


275.89 


268.42 


262^ 


241/64 


68 


51 


804 68 


289.87 


275.67 


268.22 


251.87 


241.46 


64 


56 


804 27 


289.18 


275.45 


268.-08 


251.69 


241.81 


66 


56 


804.00 


2H8.89 


275.28 


262.88 


251 ;51 


241 16 


86 


57 


808.78 


288.85 


276.02 


262.'68 


261.88 


240.96 


67 


a/7 / 


8f)9.47 


288.41 


274.80 


269.44 


211.15 


240.a2 


68 


SO-J 94 1 


1*97.04 1 


274.68 


202.24 


260.97 


240.86 


89 


274 87 


262.04 


2M)';S» 


\ >MK^.4A 


^ «^ 



04 



BU>n OF DEGREES OV CURVE. 



, 


a4- 


350 


ao» 


ai" 


<!S< 


»9° 

^OiikT 


, 




_mi^hus_ 


lU,\in^. 


Ka,li»s 


K...Jiue. 




"r 






2M.ar 












!4n!s« 


mi 




Sid. 13 


314^05 








« 


iMO.lO 


£30 


71 


2n.» 


2ia.98 




100:47 






ai9B9 


tao 


.16 


JM1.B5 


ai3.7» 


1W8.33 


199,36 






SJS.fU 


XS( 




sai.Ti 




209 30 


109.26 




S 


taa.er 


sat. 


% 


isiiia 


2ia^ 


208,08 
205. H 








m'u 


■m 


96 


«il,30 


2i3:a8 


805,84 


198:91 






tta.iB 


sua 




221.10 




305.73 


198.80 








2a 


HO 






205,60 


1BSB9 




10 


m'.ea 




51 






30fi,48 




1 




838.69 


m 


30 


S20.74 


318.77 


205,30 








338.53 


sx 




sso.oo 




3(IS,S4 


198 80 




IS 


s.«.aT 






a«0.4T 




206.13 


198 25 






a«.2i 


SSI 




220. as 












as.oi 


328 


TS 


aso.ifl 


81B:b5 


204!S9 








ai7,BS 


SX 




220.05 


213.18 


301.77 


197.93 








Si» 


46 












IS 




a% 










197:70 






sa?:^ 


aj8 


17 


2ib:m 






197.69 






air.M 


S28 




aiB.51 




3CH.30 


197,48 








sar, 




















73 














ssuItb 


si. 


58 


aisiio 


sii;a4 


303:91 








iWO.TO 


m 


43 


318.116 




303.83 


97:04 






aao.M 




se 


2i8.ae 


310! w 












se; 








SIKllsS 


96:82 


S 




S36!l3 


s« 








203 48 


90.71 






M3.OT 


■m 


8S 


318:48 


310 61 


203.S8 




9 






sss 




218,28 


210. 49 




90:49 


29 


30 




3£0 










96.39 






liW.iB 




flO 


318.01 


2io,a 


803.01 


96,38 


81 




*3S8* 




M 


S1T.88 




aw.SB 


96.17 


33 












soB^a* 




96 06 


38 




s3s!ov 


SK 






309.8(1 


203:ea 


96.95 




as 


sai.sr 


£25 




2ir!48 


209.74 


203.54 




35 


3B 


asi.n 


sua 


sa 


817.84 


309 81 


302.43 


95:74 


36 




S3I.» 


ax 






209 49 






87 




£34.40 








309. S7 


3(»!30 








e9i.s4 








209.31 










234.08 


KS 


11 


aioisi 


309,13 


301.97 


193:31 


40 




tna.aa 


2S4 


DO 


21(1.68 


203.99 


Mi. 85 


IBS .20 






B5.77 




^ 




308.87 








43 


KU.fia 
















»a3.« 




M 




308:<a 


301:51 


19i:88 






Miai 


W4 


M 


818:i5 




801.40 




45 


40 


!3I.1S 








308!38 


30t 38 


191 67 


48 












2IM.26 








4S 






90 






201.05 








BSiloB 




89 


ais;&i 


aoeioi 


300.94 


19i:S4 






233. U 


aaa 


B8 


315.49 


307,89 










l!32 3g 


















Z&J.SS 




40 








»i:D3 






S8S-0B 


2-ja 


X 


aisiio 


207B3 


300:49 


08.93 


53 




!131.9S 


?JS 






207,40 


1(00.37 
















307,38 




93 7? 








ISS 










03,61 






831 :« 




IB 




Sfl7:04 




103.1)0 






Mi.ai 


Iftft 


« 






139 9-J 


193,40 


58 












■m.fa 


190,81 




fill 


ISO 


Stiioi 






auiia 




IW.TO 







NATURAL SINBS AND COSINES. 



/ 



M 


I 


►• 




Sine 


Codn 





.08718 


.99619 


1 


.08745 


.99617 


2 


.08774 


.99614 


8 


.06803 


.99612 


4 


.08831 


.99609 


5 


.08860 


.99607 


6 


.08889 


.99604 


7 


.08918 


.99602 


8 


.08917 


.99599 


9 


.08976 


.90596 


10 


.09005 


.99594 


11 


.09084 


.99591 


12 


.09063 


.99588 


13 


.09092 


.99586 


14 


.09121 


.99583 


15 


.09150 


.99580 


16 


.09179 


.99578 


17 


.09208 


.99575 


18 


.09237 


.99572 


19 


.09266 


.99570 


20 


.09295 


.99567 


21 


.09824 


.99564 


22 


.09353 


.99562 


23 


.09382 


.99559 


24 


.09411 


.99556 


25 


.09440 


.99553 


26 


.09469 


.99551 


27 


.09498 


.99548 


28 


.09627 


.99545 


29 


.09556 


.99542 


30 


.09585 


.99640 


81 


.09614 


.99637 


32 


.09642 


.99584 


88 


.09671 


.90531 


84 


.09700 


.99528 


85 


.09729 


.99526 


86 


.09758 


.99523 


37 


.09787 


.99520 


88 


.09810 


.99517 


S9 


.00845 


.99514 


40 


.09874 


.99511 


41 


.09903 


.09608 


42 


.09982 


.99500 


48 


.09961 


.99503 


44 


.09990 


.99500 


45 


.10019 


.99497 


46 


.10048 


.99494 


47 


.10077 


.99491 


48 


.10106 


.99480 


^£9 


.10135 


.99485 


no 


.10164 


.99482 


61 


.10192 


.99479 


52 


.10221 


.99470 


63 


.10250 


.99473 


54 


.10279 


.99470 


55 


.10808 


.99467 


56 


.10337 


.99464 


67 


10366 


.99461 


58 


.10395 


.994.58 


59 


.10424 


.994.')5 


CO 


.10453 


.99152 
"Sine 




CoAn 


7 






M 


,• 



6« 



Sine 



.10453 
.10482 
.10611 
.10640 
.10969 
.10507 
.10626 
.10655 
.10684 
.10713 
.10742 

.10771 
.10800 
.10829 
.10858 
.10887 
.10916 
.10945 
.10973 
.11002 
.11031 

.11060 
.11033 
.11118 
.11147 
.11178 
.11206 
.11234 
.11263 
.11291 
.11320 

.11349 
.11378 
.11407 
.11436 
.11465 
.11494 
.11523 
.11552 
.11580 
.11009 

.11638 
.11007 
.11000 
.11723 
.11754 
.11783 
.11812 
.11840 
.11869 
.11898 



Cosin 



.99452 
OOiiO 

.99446 
.99443 

.99437 

•W404 

.99181 
.99428 
.99424 
.99421 

.99418 
.99415 
.99412 
.99409 
.99406 
.99402 
.99399 
.99393 
.99393 
.99390 

.09886 
.99383 
.99380 
.99377 
.99374 
.99370 
.99367 
.99364 
.90300 
.99357 

.99854 
.99351 
.99347 
.99344 
.99341 
.99337 
.99334 
.99331 
.90327 
.99324 

.99820 
.99317 
.99314 
.99310 
•99307 
.90303 
.99300 
.99297 
.99293 
.99290 



Sine 



.11927 .99286 .13658 .99063 

.11956 .99283 .13687 .99059 

.11985 .99279 .13716 .99055 

.12014 .99276 .13744 .99051 

.12043 .99272 .13773 .99047 

.12071 .99269 .18802 .99043 

.12100 .99265 .ISaSl .99039 

.12129 .99262 .13860 .99085 

.12158 .99258 .13889 .99031 
.12187 .99255ll .l3917 L«K»i:T 

Cosin 1 Sine \\co8Ui\ ^Vu^ 



12187 
12216 
12245 
12274 
12302 
12331 
12360 
12389 
12418 
12447 
12476 

12504 
12533 
12562 
12591 
12620 
12649 
12678 
12706 
12735 
12764 

12793 

12822 
12831 
12880 
12906 
12937 
12966 
12995 
13024 
13053 

18081 
13110 
13139 
13168 
13197 
13226 
13254 
13283 
13312 
13841 

18370 
13309 
13427 
13436 
13485 
13514 
13543 
13572 
13600 
13629 



Cosin 



8« 



.99255 
.99251 
.99248 
.99244 
.99240 
.99237 
.99233 
.99230 
.99226 
.99222 
.99219 

.99215 
.99211 
.99208 
.99204 
.99200 
.99197 
.99193 
.99189 
.991C0 
.99182 

.99178 
.99175 
.99171 
.99167 
.99163 
.99160 
.99156 
.99152 
.99143 
.99144 

.99141 
.99107 
.99133 
.99120 
.99125 
.99123 
.99118 
.90114 
.99110 
.99106 

.99103 
.99093 
.99094 
.99091 
.99087 
.99083 
.99079 
.99075 
.99071 
.99067 



Sine 

"13917 
13946 
18975 
14004 
14033 
14061 
14090 
14119 
14148 
14177 
14205 

14234 
14263 
14292 
14320 
14840 
14378 
14407 
1443G 
144C4 
14493 

14522 

14551 
14580 
14608 
14687 
14666 
14095 
14723 
14752 
14781 

14810 
14838 
14867 
14896 
14923 
14951 
14982 
15011 
15040 
15069 

15097 
1512G 
15155 
15181 
15212 
15241 
15270 
15299 
15327 
15356 



Cosin 



.99027 
.99023 
.99019 
.99015 
.99011 
.99006 
.99002 

.98994 
.98990 
.98986 

.98982 
.98978 
.98973 
.98969 
.98965 
.98961 
.98957 
.98953 
.98948 
.98944 

.98940 
.98936 
.98931 
.98927 
.98923 
.98919 
.98914 
.98910 
.98906 
.98902 

.98897 
.98893 
.96889 
.98884 
.98880 
.98870 
.98871 
.98867 
.98863 
.98858 

.96854 

.98840' 

.98845' 

.98841; 

.988361 

.988321 

.98827' 

.98823J 

.98818 

.96814 



9< 



Sine Cosin 

.15643 
.15672 
.15701 
.15730 
i .15758 
.15787 
.15816 
.15845 
.15873 
.15902 
.15931 



83< 



«%• 




15385 .96809 

15414 .98805 

15443 .98800 

15471 .98796 

15500 .98791 

15529 .98787 

15557 .98782 

15586 .98778 

ir.615 .98773 



.15959 
.15968 
.16017 
.16046 
1.16074 
! .16103 
.16132 
.16160 
.16189 
.16218 

.16246 
.16276 
.16304 
.16388 
.16361 
.16390 
.16419 
.16447 
.16476 
.16505 

.16533 
.16562 
.16591 
.16620 
.16648 
.16677 
.16706 
.16734 
.16763 
.16792 

.16820 

.16849 

.10878' 

.16900 

.16935; 

.16964 

.16992 

.17021 

.17050 

.17078 

.17107!. 
.17136'. 
.17164,'. 
.17193'. 
.172221. 
.17250'. 
.17279'. 
.17308| . 

.iTJCia' 



.98769 

.98764 

.98^60 

.96755; 57 

.96751156 

.96746: 55 

.96741 ! 51 

.98737; 53 

.98732 

.98728 

.98723 

.98718 
.98714 
.98709 
.98704 
.98700 
.98695 
.98690 

. VOUOO 

.98681 41 



.98676 

.98671 

.98667 

.96662 

.98657 

.96652, 35 

.98648 34 

.98643 

.98638 

.98633 

.98629 

.96624 29 
.98619 28 
.98614' 27 
.98609 26 
.98604:25 
.986001 24 
.98595 23 
.98590122 
.985851 21 
.98580i20 

.98575! 19 

.98570 

.96565 

.98561 

.98556 

.98551 

.98546 

.98541 

.98536 

.98531 

.98526 9 

.985211 8 

.985161 7 

.985111 6 

.9a506 5 
.985011 
.98496; 



4 
3 



98491 2 







9a 



NATURAL SINES AND COSINES. 



10t__ 

Sine Cosin 

. 178(15 '.U8481 
.178»3 .98470 
.174JJ2 .98471 
.17451 .96466 
.17479 .98461 
.17508 .98455 
.17587 .98450 
.17565 .98445 
.17594 .98440 
.1702:3 .98485 
.17051 .98430 




1 
2 

8 
4 
5 

7 
8 
9 
10 

11 
12 
18 
14 
15 
10 
17 
18 
19 
20 

21 ! .17960 
^M .17995 
.1802:3 
.18052 
.18081 



.17080 
.17708 
.17737 
.17700 
.177W 
.17823 
.17852 
.17880 
.17909 
.17937 



23 
24 



26 
27 
28 
29 
30 

31 



11* 



.98425 
.98420 
.98414 
.98109 
.98404 
.98399 
.98394 
.98389 
.98383 
.98378 

.98878 
.98368 
.983621 
.98357 
98352 
.18109 1. 98W7 
.18138 1. 98^41 
.18l66l.98a36 



.18195 
.18224 



,.18252 
32 I .18281 
88 1.18809 

34 i .18338 

35 I .18307 
36i.l8;J95 

.18421 
.18452 
.18481 
.18509 



3V 
38 
39 
40 



,98331 
.98825 

.98820 
.98815 
.98810 
.98804 
.98299 
.98294 
98288' 



Sine^ 

.19061 
.19109 
.19188 
.19107 
.19195 
.19224 
.19252 
.19281 
.19809 
.19888 
.19366 

.19395 
.19423 
.19452 
.19481 
.19509 
.19538 
.19560 
.19595 
.19023 
.19052 

.19680 
.19709 
.19737 
.19700 
.19?ai 
.19823 
.19851 
.19680 
.19908 
.19937 

.19965 
.19994 
.20022 
.20051 
.20079 
.20108 
.20186 



.98283! 1. 20165 
.9827711.20193 
.98272 1 .202^ 



41 .18588!. 98267 '.20250 

42 .185071.98201 .20279 

43 .185JKi,. 98250- .20807 

44 ,.18024 .98250 .2033f} 

45 i .18052 .98245, .20364 
40 1.18081 1. 982 10,,. 20:m 
17 ,.18710!. 98234,,. 20421 

48 . 18738 ' . 98229 , , . 20450 

49 .187071.9822:3,,. 20478 
50,. 18795 j. 98218 1 1.20507 

51 i. 18824 '.98212 .90585 



Cosin 

.98108 

.98157 

.96162; 

.98140 

.98140' 

.98135) 

.98129! 

.981241 

.981181 

.981121 

.98107 

.98101 
.98090 
.98090 
.98084 
.98079 
.98078 
.98067 
.98061 
.98056 
.98060 



18< 



.98044 

.980391 

.980:33 1 

.98027 

.98021 

.98016 

.980101 

.98004' 

.97998 

.97992 

.97987 
.97981 
9?J75 
.97969 , 
.97903 .21780 
.97958 .21814 
.97952 .21843 
.97916 I .21871 



Slne^ 

:a079i 

.20820 
.20848 
.20877 
.20905 
.20988 
.20902 
.20990 
.21019 
.21047 
.21070 

.21104 
.21182 
.21101 
.21189 
.21218 
.21246 
.21275 
.21803 
.21831 
.21360 

.21888 
.21417 
.21445 
.21474 
.21502 
.21530 
.21559 
.21587 
.21616 
.21644 

.21072 
.21701 
.21729 
.21758 



.97940, 
.97934, 

.97928' 

.97922. 

.9?.>10i 

.J)?J10| 

.979051 

.97899 

.97893 

.978871 

.9;>W1I 

. 97875 1 j. 22212 .97502 

97869 1. 22240 1.97496 



.21K99 
.21928 

.21956 
.21985 
.22013 
.22041 
.22070 
.22098 
.22126 
.22155 
.22183 



Cosin 

.97815 
.97809 
.97808 
.97797 
.97791 
.97784 
.97778 
.97772 
.97786 
.97760 
.97754 

.97748 

.97742 

.97785 

.97729 

.»7723 

.97717 

.97711 

.97705 

.97098' 

.97692 

.9W86' 
.97080 
.970731 
.970071 
.97661 ' 
97055 
.97048' 
.976421 
.97630 1 
.97630 

.97028' 

.97617 

.97011 1 

.97004; 

.975as 

.97592 

.97585 

.97579' 

.97578 

.97566 

.97560 

.97553' 

.97547 

.97541 

.975*4 

.97528 

.97521 

.97515 

.97508 



18<= 



52 1 .18852 .98207 , . 20563,. 978013 ' .222081.97489 

53 , .18881' 98201 i .20592,. 97857 ' .22297 .97483 
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NATURAI VERSED BINES AND EXTERNAL SECANT^. 
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Vers. 



Ex. sea 




1 
8 
8 
4 
6 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
23 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
83 
34 
35 
36 
37 
38 
89 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 




.00973 
.00977 
.00981 
.00985 
.00989 
.00994 
.00996 
.01002 
.01006 
.01010 
.01014 

.01018 
.01022 
.01027 
.01031 
.01035 
.01039 
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.01047 
.01052 
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.01242 
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Ex. sec. 
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10 
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80 
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34 
35 
86 
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39 
40 
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.02196 54 
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.04367 


39 
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40 
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41 
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42 
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43 
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.04413 


44 


.04234 
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45 


.04243 


.04431 


46 


.04251 


.04440 


47 


.04260 


.04449 


48 


.04268 


.01458 


49 
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.04468 


60 


.04285 


.04477 


61 
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.04486 


52 


.04302 


.04496 


53 
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.04604 


54 


.04319 


.04614 


55 


.04327 


.04523 


56 


.01336 


.04632 
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.04560 
.04560 



.04870 
.04878 
.04887 
.04395 
.04404 
.01412 
.04421 
.04429 
.04438 
.04446 
.04466 

.04464 
.04472 
.04481 
.04489 
.04498 
.04607 
.04515 
.04624 
.04633 
.04541 

.04650 
.04669 
.04667 
.04676 
.04585 
.04693 
.04602 
.04611 
.04620 
.04628 

.04637 
.04646 
.04655 
.04663 
.04672 
.04681 
.04690 
.04699 
.04707 
.04716 

.04725 
.04734 
.01743 
.04752 
.04760 
.04769 
.04778 
.04787 
.04796 
.04805 

.04814 

.04823 

.04832 

.04841 

.04850 

.04858 

.04867 
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.04885 
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.04669 
.04578 
.04588 
.04597 
.04606 
.04616 
.04625 
.04635 
.04641 
.04663 
.04663 
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.04729 
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.04748 
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.04767 
.04776 
.04786 
.04795 
.04805 
.04815 
.04824 
.04834 
.04843 
.04853 
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.04872 
.04882 
.04891 
.04901 
.01911 
.04920 
.04930 
.04940 
.04950 

.04959 
.04969 
.04979 
.04989 
.04998 
.05008 
.06018 
.05028 
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.05067 
.05077 
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.05843 


.06206 


.05853 


.06217 
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1 
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.10146 
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.10926 


.12266 


2 






3 
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.09506 


.09406 


.10383 


.10159 


.11308 


.10989 


.12283 


3 






4 


.08693 


.09520 


.09418 


.10398 


.10172 


.11323 


.10952 


.12299 


4 






6 


.08705 


.09535 


.09431 


.10413 


.10184 


.11339 


.10965 


.12316 


5 






C 


.08717 


.09549 


.09443 


.10428 


.10197 


.11355 


.10979 


.12383 


6 






7 


.06728 


.09563 


.09455 


.10443 


.10210 


.11371 


.10992 


.12849 


7 






8 


.06740 


.09577 


.09468 


.10458 


.10223 


.11387 


.11005 


.12366 


8 






9 
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.09592 


.09480 


.10473 


.10236 


.11403 


.11019 


.12383 
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10 
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.09606 


.09493 


.10468 


.10248 


.11419 


.11032 


.12400 


10 






11 


.08776 


.09620 


.09505 


.10503 


.10261 


.11435 


.11045 


.12416 


11 






12 
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.09635 


.09517 


.10518 


.10274 


.11451 


.11058 


.12433 


12 






13 


.08800 


.09649 


.09530 


.10533 


.10287 


.11467 


.11072 


.12450 


13 






14 


.06812 


.09663 


.C9542 


.10549 


.10300 


.11483 


.11085 


.12467 


11 






15 


.08824 


.09678 


.09554 


.10564 


.10313 


.11499 


.11098 


.12484 


15 






16 


.08836 


.09692 


.09567 


.10579 


.10326 


.11515 


.11112 


.12501 


10 






17 


.06618 


.09707 


.09579 


.10594 


.10338 


.11531 


.11125 


.12518 


17 






18 


.08860 


.09721 


.09592 


.10609 


.10351 


.11547 


.11138 


.12534 


18 






19 


.08872 


.09735 


.09604 


.10625 


.10304 


.11503 


.11152 


.12551 


19 






20 


.08884 


.09750 


.09617 


.10640 


.10377 


.11579 


.11165 


.12568 


20 






21 


.08896 


.09764 


.00029 


.10655 


.10390 


.11595 


.11178 


.12585 


21 






22 


.08903 


.09779 


.C9G42 


.10070 


.10403 


.11011 


.11192 


.12602 


22 






23 


.08920 


.09793 


.09654 


.10686 


.10416 


.11627 


.11205 


.12619 


23 






24 


.08932 


.09808 


.09606 
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.10429 


.11643 


.11218 


.12636 


21 






25 


.06944 


.09622 


.09679 


.10716 


.10442 


.11659 


.11232 


.12653 


25 






26 


.06956 


.09837 


.09691 


.10731 


.10455 


.11675 


.11245 


.12670 


26 






27 


.08968 


.09651 


.09704 


.10747 


.10468 


.11691 


.11259 


.12687 


27 






28 


.08980 


.09866 


.09716 


.10762 


.10481 


.11708 


.11272 


.12704 


28 






29 


.08992 


.09880 


.C9729 


.10777 


.10404 


.11724 


.11285 


.12721 


29 






30 


.09004 


.09895 


.09741 


.10793 


.10507 


.11740 


.11299 


.12738 


30 






31 


.09016 


.09909 


.00754 


.10808 


.10520 


.11756 


.11313 


.127^ 


31 






32 


.09028 


.09924 


.09707 


.10824 


.10533 


.11772 


.11326 


.12772 


33 






33 


.09040 


.09939 


.09779 


.10839 


.10546 


.11789 


.11839 


.12789 


33 






34 


.09052 


.09953 


.09792 


.106M 


.10559 


.11805 


.11853 


.12607 


84 






35 


.09004 


.09908 


.09804 


.10870 


.10572 


.11821 


.11366 


.12624 


85 






36 


.09076 


.09982 


.09817 


.10685 


.10585 


.11833 


.11380 


.12841 


36 






37 


.09089 


.09997 


.09829 


.10901 


.10598 


.11854 


.11393 


.12658 


87 






38 


.09101 


.10012 


.09842 


.10916 


.10611 


.11870 


.11407 


.12675 
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39 


.09113 


.10026 


.09a54 


.10932 


.10624 


.11886 


.11420 


.12892 


89 






40 


.09125 


.10041 


.00807 


.10947 


.10637 


.11903 


.11434 


.12910 


40 
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.09137 


.10055 


.09880 


.10963 


.10650 


.11919 


.11447 


.12927 


41 






42 


.09149 


.10071 


.C9892 


.10978 


.10603 


.11936 


.11461 


.12944 


42 






43 


.09161 


.10085 


.09905 


.10994 


.10676 


.11952 


.11474 


.12961 


43 






44 


.09174 


.10100 


.09918 


.11009 


.10689 


.11968 


.11488 


.12979 


44 






45 


.09186 


.10115 


.09930 


.11025 


.10702 


.11985 


.11501 


.12996 
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46 


.09198 


.10130 


.09943 


.11041 


.10715 


.12001 


.11515 


.13013 


46 
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.12018 
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.09968 
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.12100 
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.10807 
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.10833 
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.28066 


.89016 


.41421 


.80534 


.48066 


.81800 


.48888 




1 


.28080 


.89065 


.29610 


.41463 


.80653 


.48999 


.81821 


.46074 


1 




9 


.28100 


.89005 


.20680 


.41504 


.80K'6 


.44043 


.8184a. 


.40719 


8 




3 


.28127 


.891»4 


.29851 


.41548 


.80097 


.44066 


.81864 
.81885 


.4ffm 


8 




4 


.28147 


.89173 


.29d73 


.41560 


.60618 


.44129 


.46611 


4 







.28167 


.89212 


.29803 


.41627 


.80039 


.44173 
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.40857 
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.29413 


.41669 
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.44817 
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